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MICROCOMPUTER SELECTION GUIDE 



SINGLE CHIP 4-BIT MICROCOMPUTERS 



















SUPPLY 




DEVICE 


FAMILY 


ROM 


RAM 


I/O 


PROCESS 


OUTPUT 


FEATURES 


VOLTAGE 


PINS 


|xPD553 


^,COM-43H 


2000 X 8 


96 X 4 


35 


PMOS 


O.D. 


A 


-10 


42 


^tPD557L 


|xCOM-43SL 


2000 X 8 


96 X 4 


21 


PMOS 


O.D. 


A 


-8 


28 


JJIPD552 


fjLCOM-44H 


1000 X 8 


64 X 4 


35 


PMOS 


OD. 


A 


-10 


42 


M-PD550 


|xCOM-45 


640 X 8 


32 X 4 


21 


PMOS 


OD. 


A 


-10 


28 


^xPD550L 


^tCOM-45L 


640 X 8 


32 X 4 


21 


PMOS 


O.D. 


A 


-8 


28 


|xPD554 


M,COM-45 


1000 X 8 


32 X 4 


21 


PMOS 


O.D. 


A 


-10 


28 


^lPD554L 


|jiCOM-45L 


1000 X 8 


32 X 4 


21 


PMOS 


OD. 


A 


-8 


28 


JJLPD556B 


jjlCOM-43 


External 


96 X 4 


35 


PMOS 


OD. 


B 


-10 


64 


MC-430P 


fxCOM-43 


2000 X 8 
UV EPROM 


96 X 4 


35 


PMOS 


OD. 


G 


-10 


42 


|xPD7500 


|xPD7500 Series 


External 


256 x4 


46 


CMOS 


O.D. 


C 


+ 2.7 to 5.5 


64 


|jlPD7501 


jjiPD7500 Series 


1024 X 8 


96 X 4 


24 


CMOS 


O.D. 


D 


+ 2.7 to 5.5 


64 


|xPD7502 


M.PD7500 Series 


2048 X 8 


128 x4 


23 


CMOS 


O.D. 


D 


+ 2.7 to 5.5 


64 


JJIPD7503 


JAPD7500 Series 


4096 X 8 


224x4 


23 


CMOS 


O.D. 


D 


+ 2.7 to 5.5 


64 


fxPD7506 


^tPD7500 Series 


1024 X 8 


64 X 4 


22 


CMOS 


OD. 




+ 2.7 to 5.5 


28 


|xPD7507 


|xPD7500 Series 


2048 X 8 


128 X 4 


32 


CMOS 


OD. 




+ 2.7 to 5.5 


40/52 


|jlPD7507S 


JJIPD7500 Series 


2048 X 8 


128 X 4 


20 


CMOS 


OD. 




+ 2.7 to 5.5 


28 


^JlPD7508 


HiPD7500 Series 


4096 X 8 


224 X 4 


32 


CMOS 


O.D. 




+ 2.7 to 5.5 


40/52 


|xPD7508H 


fjiPD7500 Series 


4096 X 8 


224 X 4 


32 


CMOS 


OD. 




+ 2.7 to 5.5 


40/52 


^JLPD7508A 


|xPD7500 Series 


4096 X 8 


208 X 4 


32 


CMOS 


O.D. 


A 


+ 2.7 to 5.5 


40 


M.PD7519 


fjiPD7500 Series 


4096 X 8 


256 X 4 


28 


CMOS 


OD. 


F 


+ 2.7 to 5.5 


64 


^tPD7520 


JXPD7500 Series 


768 X 8 


48 X 4 


24 


PMOS 


O.D. 


E 


-6to -10 


28 


jjiPD7514 


^JLPD7500 Series 


4096 X 8 


256 X 4 


31 


CMOS 


OD. 


D 


+ 2.7 to 5.5 


80 


M,PD7528/38 


|xPD7500 Series 


4096 X 8 


160 X 4 


35 


CMOS 


O.D. 


A 


+ 2.7 to 5.5 


42 


|xPD7527/37 


fxPD7500 Series 


2048 X 8 


160 X 4 


35 


CMOS 


O.D. 


A 


+ 2.7 to 5.5 


42 




A = - 35VVF Display Drive 

B = |xC0M-4 Evaluation Chip 

C = jji,PD750X Evaluation Chip 

D = LCD Controller/Driver 

E = LED Display Controller/Driver 

F = VF Display Controller/Driver 

G = Pin-Compatible with fjLPD546 

O.D. = Open Drain 
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MICROCOMPUTER SELECTION GUIDE 



S/NGLE CHIP 8-BIT MICROCOMPUTERS 



















SUPPLY 




DEVICE 


SPECIAL FEATURES 


ROM 


RAM 


I/O 


PROCESS 


OUTPUT 


CYCLE 


VOLTAGE 


PINS 


M-PD8021 


Zero-Cross Detector 


1024 X 8 


64 X 8 


21 


NMOS 


BD 


3.6 MHz 


+ 5 


28 


|jiPD8035HL 


|jlPD8048 w/External Memory 


External 


64 X 8 


27 


HMOS 


TS, BD 


6 MHz 


+ 5 


40 


JJLPD8039HL 


jjiPD8049 w/External Memory 


External 


128 X 8 


27 


HMOS 


IS, BD 


11MHz 


+ 5 


40 


|xPD8041 


Peripheral Interface w/Slave Bus 


1024 X 8 


64 X 8 


18 


NMOS 


TS, BD 


6 MHz 


+ 5 


40 


JJLPD8041A 


Enhanced M.PD8041 


1024 X 8 


64 X 8 


18 


NMOS 


TS, BD 


6 MHz 


+ 5 


40 


^JLPD8048H 


Expansion Bus 


1024 X 8 


64 X 8 


27 


HMOS 


TS, BD 


6 MHz 


+ 5 


40 


M.PD8049H 


High Speed M-PD8048 


2048 X 8 


128 X 8 


27 


HMOS 


TS, BD 


11 MHz 


+ 5 


40 


fjLPD8741A 


UV-EPROM ixPD8041A 


1024 X 8 


64 X 8 


18 


NMOS 


TS, BD 


6 MHz 


+ 5 


40 


M,PD8748 


UV-EPROM |xPD8048 


1024 X 8 


64 X 8 


27 


NMOS 


TS, BD 


6 MHz 


+ 5 


40 


fxPD8749H 


UV-EPROM HLPD8049 


2048 X 8 


128 X 8 


27 


HMOS 


TS, BD 


11MHz 


+ 5 


40 


fjLPD80C35 


CMOS 8035 


External 


64 X 8 


27 


CMOS 


TS, BD 


6 MHz 


+ 2.7 to 5.5 


40 


fjLPD80C48 


CMOS 8048 


1024 X 8 


64x8 


27 


CMOS 


TS, BD 


6 MHz 


+ 2.7 to 5.5 


40 


M.PD80C39 


CMOS 8039 


External 


128 X 8 


27 


CMOS 


TS, BD 


8 MHz 


+ 2.7 to 5.5 


40 


(xPD80C39H 


CMOS 8039H 


External 


128 x 8 


27 


CMOS 


TS, BD 


12 MHz 


+ 2.7 to 5.5 


40 


|xPD80C49 


CMOS 8049 


2048 X 8 


128 x8 


27 


CMOS 


TS, BD 


8 MHz 


+ 2.7 to 5.5 


40 


(jiPD80C49H 


CMOS 8049H 


2048 X 8 


128 X 8 


27 


CMOS 


TS, BD 


12MHz 


+ 2.7 to 5.5 


40 


JJLPD7800 


Development Chip 


External 


128 X 8 


48 


NMOS 


TS, BD 


4 MHz 


+ 5 


64 


M,PD7801 


8080 Expansion Bus 

64K Memory Address Space 


4096 X 8 


128 X 8 


48 


NMOS 


TS, BD 


4 MHz 


+ 5 


64 


KIPD7802 


Expanded tJLPD7801 


6144 X 8 


64 X 8 


48 


NMOS 


TS, BD 


4 MHz 


+ 5 


64 


(JLPD78C05 


CMOS Microprocessor 


External 


128 X 8 


46 


CMOS 


TS, BD 


4 MHz 


+ 5 


64 


fiPD78C06 


CMOS Microcomputer 


4096 X 8 


128 X 8 


46 


HCMOS 


TS, BD 


4 MHz 


+ 5 


64 


|xPD7807 


7809 w/Ext. Memory 


External 


256 X 8 


40 


HMOS 


TS, BD 


12 MHz 


+ 5 


64 


fxPD7809 


8/16 Bit Microcomputer 


8192 X 8 


256 X 8 


40 


HMOS 


TS,BD 


12 MHz 


•- + 5 


64 


JJLPD7810 


RomiessjjiPD7811 


External 


256 x8 


44 


NMOS 


TS, BD 


12 MHz 


+ 5 


64 


M-PD781 1 


8 Channel A/D/8-16 Bit Micro 


4096 X 8 


128 X 8 


44 


NMOS 


TS, BD 


12 MHz 


+ 5 


64 



MICROPROCESSORS 















SUPPLY 




DEVICE 


PRODUCT 


SIZE 


PROCESS 


OUTPUT 


CYCLE 


VOLTAGES 


PINS 


fxPD780 


Microprocessor 


8-bit 


NMOS 


3-State 


2.5 MHz 


+ 5 


40 


|xPD780-1 


Microprocessor 


8-bit 


NMOS 


3-State 


4.0 MHz 


+ 5 


40 


JJLPD780-2 


Microprocessor 


8-bit 


NMOS 


3-State 


6.0 MHz 


+ 5 


40 


^tPD8085A 


Microprocessor 


8-bit 


NMOS 


3-State 


3.0 MHz 


+ 5 


40 


JJLPD8085A-2 


Microprocessor 


8-bit 


NMOS 


3-State 


5.0 MHz 


+ 5 


40 


fjiPD8085AH 


Microprocessor 


8-bit 


NMOS 


3-State 


3.0 MHz 


+ 5 


40 


JJIPD8086 


Microprocessor 


16-bit 


NMOS 


3-State 


5.0 MHz 


+ 5 


40 


|xPD8086-2 


Microprocessor 


16-bit 


NMOS 


3-State 


8.0 MHz 


+ 5 


40 


jjiPD8088 • 


Microprocessor 


8-bit 


NMOS 


3-State 


5.0 MHz 


+ 5 


40 
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MICROCOMPUTER SELECTION GUIDE 



SYSTEM SUPPORT 















SUPPLY 




DEVICE 


PRODUCT 


SIZE 


PROCESS 


OUTPUT 


CYCLE 


VOLTAGES 


PINS 


^JlPD765A 


Double Sided/Double Density 
Floppy Disk Controller 


8-btt 


NMOS 


3-State 


8 MHz 


+ 5 


40 


|xPD7201A 


Multi-Protocol Serial Controller 


8-bit 


NMOS 


3-State 


4 MHz 


+ 5 


40 


|xPD7210 


IEEE Controller (Talker, Listener, 
Controller) 


8-bit 


NMOS 


3-State 


8 MHz 


+ 5 


40 


^JLPD7220 


Color Graphic Display Controller 


8-bit 


NMOS 


3-State 


5 MHz 


+ 5 


40 


|xPD7225 


Alpha Numeric LCD 
Controller/Driver 


8-bit 


CMOS 


- 


- 


2,7 to 5.5 


52 


fjLPD7227 


Dot Matrix LCD Controller/Driver 


8-bit 


CMOS 


- 


- 


2.7 to 5.5 


64 


jtPD7228 


Dot Matrix LCD Controller/Driver 


8-bit 


CMOS 


- 


- 


2.7 to 5.5 


80 


JJLPD7720 


Signal Processor 


16-bit 


NMOS 


3-State 


8 MHz 


+ 5 


28 


|xPD77P20 


EPROM Version of fjiPD7720 


16-bit 


NMOS 


3-State 


8 MHz 


+ 5 


28 


JJLPD8155H 


256x8 RAM with I/O Ports 
and Timer 


8-bit 


HMOS 


3-State 


- 


+ 5 


40 


M,PD8155-2 


256x8 RAM with I/O Ports 
and Timer 


8-bit 


NMOS 


3-State 


- 


+ 5 


40 


JXPD8156H 


256x8 RAM with I/O Ports 
and Timer 


8-bit 


HMOS 


3-State 


- 


+ 5 


40 


JJLPD8156-2 


256x8 RAM with I/O Ports 
and Timer 


8-bit 


NMOS 


3-State 


- 


+ 5 


40 


JJLPB8212 


I/O Port 


8-bit 


Bipolar 


3-State 


- 


+ 5 


24 


|xPB8216 


Bus Driver Non-Inverting 


4-bit 


Bipolar 


3-State 


- 


+ 5 


16 


fjLPB8226 


Bus Driver Inverting 


4-bit 


Bipolar 


3-State 


- 


+ 5 


16 


M.PD8243 


I/O Expander 


4x4 bits 


NMOS 


3-State 


- 


+ 5 


24 


HPD82C43 


I/O Expander 


4x4 bits 


CMOS 


3-State 


- 


+ 5 


24 


^PD8251A/AF 


Programmable Communications 
Interface (Async/Sync) 


8-bit 


NMOS 


3-State 


A-9.6K baud 
S-64K baud 


+ 5 


28 


tJLPD8253-2/-5 


Programmable Timer 


8-bit 


NMOS 


3-State 


4.0 MHz 


+ 5 


24 


fjLPD8255A-2/-5 


Peripheral Interface 


8-bit 


NMOS 


3-State 


- 


+ 5 


40 


M,PD8257-2/-5 


Programmable DMA Controller 


8-bit 


NMOS 


3-State 


4 MHz 


+ 5 


40 


fjLPD8259-2/-5 


Programmable Keyboard/Display 
Interface 


8-bit 


NMOS 


3-State 


- 


+ 5 


40 


^PB8282/8283 


8-Bit Latches 




Bipolar 


3-State 


5 MHz 


+ 5 


20 


jiPB8284A 


Clock Driver 




Brpolar 


3-State 


5 MHz 


+ 5 


18 


JJLPB8286/8287 


8-Bit Bus Transceivers 




Bipolar 


3-State 


5 MHz 


+ 5 


20 


JJLPB8288 


Bus Controller 




Bipolar 


3-State 


5 MHz 


+ 5 


20 


fiPB8289 


Bus Arbiter 




Bipolar 


3-State 


5 MHz 


+ 5 


20 


tJLPD8355/-2/A 


2048x8 ROM with I/O Ports 


8-bit 


NMOS 


3-State 


- 


+ 5 


40 


^tPD8755A 


2048 X 8 EPROM with I/O Ports 


8-bit 


NMOS 


3-State 


- 


+ 5 


40 


^tPD8759A/A-2 


Programmable Interrupt Controller 


8-bit 


HMOS 


3-State 


5/8 MHz 


+ 5 


28 


SPEECH 
PRODUCTS 


. 














J1PD7751 


ADPCM Speech Synthesizer 


8-bit 


NMOS 


3-State 


6 MHz 


+ 5 


40 


JJIPD7752 


Formant Speech Synthesizer 


8-bit 


CMOS 


3-State 


3 6 MHz 


+ 5 


28 


^iPD7761 ^ 
M,PD7762 > 
|xMC-4760 ) 


K 3 Chip-SR Speech Recognition 
Chip Set 


16-bit 
8-bit 


NMOS 
NMOS 
Hybrid 


3-State 
3-State 
3-State 


8 MHz 
4 MHz 
2 MHz 


+ 5 
+ 5 
+ 5, ±12 


28 
64 
24 
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MICROCOMPUTER ALTERNATE SOURCE GUIDE 



MANUFACTURER 


PART NUMBER 


DESCRIPTION 


NEC REPLACEMENT 


AMD 


AM8085A 


Microprocessor (3.0 MHz) 


fxPD8085A 




AM8155 


Programmable Peripheral Interface 
with 256 X 8 RAM 


fxPD8155 




AM8156 


Programmable Peripheral Interface 
with 256 X 8 RAM 


jtPD8156 




AM8212 


I/O Port {8-Bit) 


|xPB8212 




AM8214 


Priority Interrupt Controller 


M.PB8214 




AM8216 


Bus Driver, Inverting 


|xPB8216 




AM8226 


Bus Driver, Non-Inverting 


jji,PB8226 




AM8251 


Programmable Communications 
Interface 


fjLPD8251 




AM8255 


Programmable Peripheral Interface 


M-PD8255 




AM8257 


Programmable DMA Controller 


|xPD8257 




AM8355 


Programmable Peripheral Interface 
with 2048 X 8 ROM 


JXPD8355 




AM8048 


Single Chip Microcomputer 


M.PD8048 


AMI 


7500 Family 


4-Bit CMOS Microcomputer 


M,PD750X 




78C06/78C05 


8-Bit CMOS Microcomputer 


M.PD78C06/78C05 




7810/7811 


16-Bit High-Performance 
Microcomputer 


M.PD781 0/7811 




7807/7809 


16-Bit High-Performance 
Microcomputer 


fjiPD7807/7809 




7720 


Signal Processor 


M-PD7720 


INTEL 


8021 


Microcomputer with ROM 


(XPD8021 




8035HL 


Microprocessor 


|xPD8035HL 




8039HL 


Microprocessor 


JJLPD8039HL 




8041 A 


Programmable Peripheral Controller 
with ROM 


M,PD8041A 




8048H 


Microcomputer with ROM 


M,PD8048H 




8049H 


Microcomputer with ROM 


|xPD8049H 




8085A 


Microprocessor (3.0 MHz) 


fjLPD8085A 




8085A-2 


Microprocessor (5.0 MHz) 


M-PD8085A-2 




8086 


Microprocessor (1 6-Bit) 


M,PD8086 




8155/8155-2 


Programmable Peripheral Interface 
with 256 X 8 RAM 


JJIPD81 55/81 55-2 




8156/8156-2 


Programmable Peripheral Interface 
with 256 X 8 RAM 


M-PD81 56/81 56-2 




8212 


I/O Port (8-Bit) 


^JLPB8212 




8214 


Priority Interrupt Controller 


|jiPB8214 




8216 


Bus Driver, Non-Inverting 


|xPB8216 




8226 


Bus Driver, Inverting 


M<PB8226 




8243 


I/O Expander 


JJLPD8243 
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\EC 



MICROCOMPUTER ALTERNATE SOURCE GUIDE 



MANUFACTURER 


PART NUMBER 


DESCRIPTION 


NEC REPLACEMENT 


INTEL (CONT) 


8251A 


Programmable Communications 
Interface (Async/Sync) 


|xPD8251A 




8253-5 


Programmable Timer 


M.PD8253-5 




8255A-5 


Programmable Peripheral Interface 


M,PD8255A-5 




8257-5 


Programmable DMA Controller 


fjLPD8257-5 




8259A 


Programmable Interrupt Controller 


fjiPD8259A 




8272 


Double Sided/Double Density 
Floppy Disk Controller 


[XPD765 




8279-5 


Programmable Keyboard/Display 
Interface 


PLPD8279-5 




8282/8283 


8-Bit Latches 


|xPB8282/8283 




8284 


Clock Driver 


IJLPB8284 




8286/8287 


8-Bit Transceivers 


M-PB8286/8287 




8288 


Bus Controller 


M,PB8288 




8355 


Programmable Peripheral Interface 
with 2048 X 8 ROM 


JJLPD8355 




8741 A 


Programmable Peripheral Controller 
with EPROM 


^JLPD8741A 




8748 


Microcomputer with EPROM 


^JlPD8748 




8749H 


Microcomputer with EPROM 


|jlPD8749H 




8755A 


Programmable Peripheral Interface 
with 2Kx 8 EPROM 


JXPD8755A 




8274 


Multiprotocol Serial Controller 


JJIPD7201 


NATIONAL 


INS8048 


Microcomputer with ROM 


M,PD8048 




INS8049 


Microcomputer with ROM 


piPD8049 




8212 


I/O Port (8-Bit) 


}jlPB8212 




8214 


Priority Interrupt Controller 


^;lPB8214 




8216 


Bus Driver, Non-Inverting 


MLPB8216 




8226 


Bus Driver, Inverting 


tJLPB8226 




INS8251 


Programmable Communications 
Interface 


piPD8251A 




INS8253 


Programmable Timer 


HLPD8253-5 




INS8255 


Programmable Peripheral Interface 


ixPD8255A-5 




INS8257 


Programmable DMA Controller 


fjLPD8257-5 




INS8259 


Programmable Interrupt Controller 


fjiPD8259A 


Tl. 


SN74S412 


I/O Port (8-Bit) 


JJIPB8212 
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NEC 



ROM-BASED PRODUCTS ORDERING PROCEDURE 

The following NEC products fall under the guidelines set by the ROM-based Products Ordering Procedure: 



|jlPD7801 


^,PD80C48 


M-PD554L 


fxPD7508A 


M.PD2308A 


fxPD7802 


tJLPD8049H 


^xPD557L 


fiPD7508H 


M.PD2316E 


M-PD78C06 


^JLPD80C49 


|xPD7501 


|xPD7514 


j;lPD2332 


JJLPD7807 


KLPD8355 


|xPD7502 


,xPD75l9 


|xPD2364 


fxPD7808 


|jlPD550 


M.PD7503 


^jlPD7520 


M.PD2380 


JJLPD7811 


,jlPD550L 


fxPD7506 


|jlPD7527 


^JLPD23128 


|jlPD8021 


JJLPD552 


M.PD7507 


fjLPD7528 


fjiPD23256 


^jlPD8041AH 


|xPD553 


|jlPD7507S 


fjLPD7537 


JJLPD231000 


M.PD8048H 


JJLPD554 


JJLPD7508 


JJLPD7538 
M.PD7720 


M.PD23C128 
txPD73128G 
fxPD23C256 
|xPD731000 



NEC Electronics Inc. is able to accept mask patterns in a variety of formats to facilitate the trahsferral of ROM mask informa- 
tion. These are intended to suit various customer needs and minimize turnaround time. Always enclose a listing of the code 
and a complete "ROM Code Submission" form. The following is a list of acceptable media for code transferl-al. 

• PROM/EPROM equivalents to ROM devices 

• Sample ROMs or ROM-based microcomputers 

• ISIS-II compatible 8" floppy disks 

• CP/M (® Digital Research Corp.) compatible 8" single-density floppy disk 

Thoroughly tested verification procedures protect against unnecessary delays or costly mistakes. NEC Electronics Inc. will 
return the ROM code patterns to the customer in the most convenient format. Unprogrammed EPROMs, if sent with the 
ROM code, can be programmed and returned for verification. Earth satellites and the world-wide GE Mark III timesharing 
systems provide reliable and instant communication of ROM patterns to the factory 

The following is an example of a ROM code transferral procedure. The |jlPD8048H is used here; however, the process is the 
same for all other ROM-based products. 

1. The customer contacts his local NEC Electronics Inc. Sales Representative, concerning a ROM pattern for the 
|jlPD8048H that he would like to send. 

2. Since an EPROM version of that part is available, the |jlPD8748 is proposed as a code transferral medium. 
Alternatively, a |jlPD2716 or a floppy disk may be used. 

3. Two programmed |jlPD8748s are sent to NEC Electronics Inc., along with a listing and the "ROM Code Submission" 
form. A floppy disk may also be sent as back-up. 

4. NEC Electronics Inc. compares the media provided and enters the code into GE-TSS. The GE-TSS file is accessed 
at the NEC factory and a copy of the code is returned to NEC Electronics Inc. for verification. One of the |jlPD8748s 
is erased and reprogrammed with the customer's code as the NEC factory has it. The |xPD8748s, a listing, and a 
"ROM Code Verification" form are returned to the customer for final verification. 

5. Once the customer has notified NEC Electronics Inc. in writing that the code is verified, and has provided both the 
mask charge payment and a hard-copy purchase order, work begins immediately on production of his fjLPD8048Hs. 

Please contact your local Sales Representative for assistance with all ROM-based product orders. 
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SEC 



ROM Code Submission 



To NEC Electronics Inc. 
252 Humboldt Court 
Sunnyvale, CA 94086 



Date- 



Attn ROM-Based Product Administrator 



We are ready to place our purchase order for our . 



, your . 



Customer Part Number NEC Part Number 

submitting Two copies of the ROM Code on the following medium/media (Please check all applicable boxes)' 



, and are 




D |uPD2716 D ^iPD8741A D CP/M® compatible 8" single-density floppy disk 

D )jPD2732 D fjPD8748 D Intel ISIS-II compatible 8" single-density floppy disk 

D IJPD2764 D pPD8749H D Intel ISIS-II compatible 8" double-density floppy disk 

D )jPD27128 D )jPD8755A 



Please manufacture this device with the special marking.. 



_„_^ , and with the I/O Port Loading Op- 
tions (available only on the |jPD7519, /jPD7527, |jPD7528, juPD7537, |uPD7538, |jPD8b21, juPD80C48, and juPD80C49, 
and not available on all other NEC ROM-Based Products) selected on the back of this page 



The mask charge payment and the ROM code listing are also enclosed 



Please return the processed ROM code to the following individual for our verification 



Company 



Shipping Address (not a P O Box please) 



City 



Zip 



Telephone Number 

Send this form along with the ROM code, a listing, and the mask charge payment, in a package clearly marked with "ROM 
CODE ENCLOSED" to the attention of the ROM-Based Product Administrator at the address above 



CP/M IS a registered trademark of Digital Research Corp 
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Device 


Port 


I/O Port Loading Option 


MPD7519 


SO 


D open dram 


D pull-down resistor to V load 




S1 


D open dram 


D pull-down resistor to V load 




S2 


n open dram 


D pull-down resistor to V load 




S3 


D open dram 


D pull-down resistor to V load 




S4 


D open dram 


D pull-down resistor to V load 




S5 


n open drain 


D pull-down resistor to V load 




S6 


D open dram 


D pull-down resistor to V load 




S7 


D open dram 


D pull-down resistor to V load 




T8/S8 


D open dram 


n pull-down resistor to V load 




T9/S9 


n open dram 


D pull-down resistor to V load 




tio/sio 


D open dram 


D pull-down resistor to V load 




T11/S11 


n open dram 


D pull-down resistor to V load 




T12/S12 


D open dram 


D pull-down resistor to V load 




T13/S13 


D open dram 


n pull-down resistor to V load 




T14/S14 


D open dram 


D pull-down resistor to V load 




T15/S15 


D open dram 


D pull-down resistor to V load 




TO 


D open dram 


n pull-down resistor to V load 




T1 


D open dram 


D pull-down resistor to V load 




T2 


D open dram 


D pull-down resistor to V load 




T3 


D open dram 


D pull-down resistor to V load 




T4 


D open dram 


D pull-down resistor to V load 




T5 


D open dram 


D pull-down resistor to V load 




T6 


D open dram 


D pull-down resistor to Vload 




T7 


D open dram 


D pull-down resistor to V load 




POo/INTo 


D direct connection 

(no zero-crossing detector) 


D zero-crossing detector 




P23-P2i 


D open dram 


D pull-down resistor to V load 




P33-P3o 


D open dram 


D pull-down resistor to V load 




P43-P4o 


D open dram 


D pull-down resistor to V load 




P53-P5o 


n open dram 


D pull-down resistor to V load 




P8o 


D open dram 


D pull-down resistor to V load 




P8i 


n open dram 


D pull-down resistor to V load 




P82 


n open dram 


n pull-down resistor to V load 




P83 


D open dram 


n pull-down resistor to V load 


pPD7527 


P9o 


n open dram 


D pull-down resistor to Vload 


JLIPD7528 


P9i 


D open dram 


D pull-down resistor to V load 


JUPD7537 


P92 


D open dram 


D pull-down resistor to V load 


ILJPD7538 


P93 


n open dram 


D pull-down resistor to V load 




PlOo 


D open dram 


D pull-down resistor to V load 




PIO1 


D open dram 


n pull-down resistor to V load 




PIO2 


D open dram 


D pull-down resistor to V load 




PIO3 


D open dram 


D pull-down resistor to V load 




PII0 


D open drain 


D pull-down resistor to V load 




PII1 


D open dram 


D pull-down resistor to V load 




PII2 


D open dram 


D pull-down resistor to V load 




PII3 


D open dram 


D pull-down resistor to V load 


^jPD8021 


T1 


D zero-crossing detector 


D TTL-compatible 




P00-P07 


D open dram 


D TTL-compatible 


MPP80C48 


P10-P17 


D CMOS (-5mA) 


D TTL-compatible (-SOpA) 


JJPD80C49 


P20-P23 


D CM0S(-5mA) 


n TTL-compatible ( - SOpA) 




P24-P27 


D CM0S(-5pA) 


D TTL-compatible ( - SOpA) 
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SEC 



SINGLE CHIP 4-BIT MICROCOMPUTERS 




SEC 



fiCOM-4 



4-BIT SINGLE CHIP MICROCOMPUTER FAMILY 

DESCR IPTION The piCOM-4 4-bit Microcomputer Family is a broad product line of 14 individual 
devices designed to fulfill a wide variety of design criteria. The product line shares a 
compatible architecture and instruction set. The architecture includes all functional 
blocks necessary for a single chip controller, including an ALU, Accumulator, Byte- 
wide ROM, RAM, and Stack. The instruction set maximizes the efficient utilization 
of the fixed ROM space, and includes a variety of Single Bit Manipulation, Table 
Look-Up, BCD arithemetic, and Skip instructions. 

The juCOM-4 Microcomputer Family includes seven different products capable of 
directly driving 35V Vacuum Fluorescent Displays. Four products are manufactured 
with a CMOS process technology. juCOM-4 Microcomputers are ideal for low-cost 
general purpose controller applications such as industrial controls, instruments, 
appliance controls, intelligent VF display drivers, and games. 

FEATURES • Choice of ROM size: 2000 x 8, 1000 x 8, or 640 x 8 

• Choice of RAM size: 96 x 4, 64 x 4, or 32 x 4 

- Six 4-Bit Working Registers Available 

- One 4-Bit Flag Register Available 

• Powerful Instruction Set 

- Choice of 80 or 58 Instructions 

- Table Look-Up Capability with CZP and JPA Instructions 

- Single Bit Manipulation of RAM or I/O Ports 

- BCD Arithmetic Capability 

• Choice of 3-Level, 2-Level, or 1 -Level Subroutine Stack 

• Extensive I/O Capability 

- Choice of 35 or 21 I/O Lines 

42/52-Pin Packages 28-Pin Package 

- 4-Bit Input Ports 2 1 

- 4-Bit I/O Ports 2 2 

- 4-Bit Output Ports 4 2 

- 3-Bit Output Ports 1 - 

- 1-Bit Output Port - 




1 

Programmable 6-Bit Timer Available 
Choice of Hardware or Testable Interrupt 
Built-in Clock Signal Generation Circuitry 
Built-in Reset Circuitry 
Single Power Supply 
Low Power Consumption 
PMOS or CMOS Technologies 
Choice of 42-pin DIP, 28-pin DIP, or 52-pin Flat Plastic Package 
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fiCOM-4 



Internal Registers 

The ALU, the Accumulator, and the Carry Flag together comprise the central portion 
of the juCOM-4 Microcomputer Family architecture. The ALU performs the arithmetic 
and logical operations and checks for various results. The Accumulator stores the 
results generated by the ALU and acts as the major interface point between the RAM, 
the I/O ports, and the Data Pointer registers. The Carry F/F can be addressed directly, 
and can also be set during an addition. The ^PDS46, mPD553, iuPD557L, and juPDSBO 
also have a Carry Save F/F for storage the value of the Carry F/F. 

Data Pointer Registers 

The DPh register and 4-bit DPl register reside outside the RAM. They function as the 
Data Pointer, addressing the rows and columns of the RAM, respectively. They are 
individually accessible and the L register can be automatically incremented or 
decremented. 

RAM 

All /jCOM-4 microcomputers have a static RAM organized into a multiple-row by 
16-column configuration, as follows: 



FUNCTIONAL 
DESCRIPTION 



MICROCOMPUTER 


RAM 


ORGANIZATION 


DPh DPl 


MPD546,iuPD553, 
/iPD557L, andjuPOSBO 


96x4 


6 rows X 16 columns 


3 4 


mPD547,juPD547L 
AxPD552,andMPD651 


64x4 


4 rows X 16 colunnns 


2 4 


mPD550.mPD550L, 
mPD554,mPD554L, 
and MPD652 


32x4 


2 rows X 16 columns 


1 4 



The MPD546, /iPD553, /iPD557L, and /iPD650 also have a 4-bit Flag register and six 
4-bit working registers resident in the last row of the RAM. Their extended instruction 
set provides 10 additional instructions with which you can access or manipulate these 
seven registers. 

ROM 

The ROM is the mask-programmable portion of the )uC0M-4 Microcomputer which 
stores the application program. It is organized as follows: 



MICROCOMPUTER 


ROM 


ORGANIZATION 


FIELDS 


PAGES 


mPD546,mPD553, 
MPD557L.andMPD650 


2000 X 8 


8 


16 


mPD547,mPD547L, 
AxPD552,mPD651 
AiPD554. MPD554L, 
and MPD652 


1000x8 


8 


8 


1000x8 


8 


8 


MPD550 andMPD550L 


640x8 


8 


8 
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FUNCTIONAL Program Counter and Stack Register 

DESCRIPTION The Program Counter contains the address of a particular instruction being executed. 
(CONT.) It is incremented during normal operation, but can be modified by various JUMP and 
CALL instructions. The Stack Register is a LIFO push-down stack register used to save 
the value of the Program Counter when a subroutine is called. It is organized as follows: 



MICROCOMPUTER 


STACK 
ORGANIZATION 


ALLOWABLE 
SUBROUTINE CALLS 


MPD546, MPD553, 
)uPD557L, andMPD650 


3 words X 1 1 bits 


3 Levels 


MPD651 


2 words X 10 bits 


2 Levels 


MPD547,iuPD547L, 
and )uPD552 


1 word X 10 bits 


1 Level 


)uPD550,)uPD550L, 
juPD554,)uPD554L, 
and)uPD652 


1 word X 10 bits 


1 Level 



interrupts 

All juCOI\/l-4 microcomputers are equipped with a software-testable interrupt which 
skips an instruction if the Interrupt F/F has been set. The TIT instruction resets the 
Interrupt F/F. 

In addition, the iuPD546, fiPD553, mPD557L, and /xPD650 have a level-triggered hard- 
ware interrupt, which causes an automatic stack level shift and interrupt service routine 
call when an interrupt occurs. 




interval Timer 

The juPD546, juPD553, juPD557L, and jUPD650 are equipped with a programmable 
6-bit interval timer which consists of a 6-bit polynomial counter and a 6-bit binary 
down counter. The STM instruction sets the initial value of the binary down counter 
and starts the timing. The polynomial counter decrements the binary down counter 
when 63 instruction cycles have been completed. When the binary down counter 
reaches zero, the timer F/F is set. The TTM instruction tests the timer F/F, and skips 
the next instruction if it is set. 

Ciocic and Reset Circuitry 

The Clock Circuitry for any /iCOM-4 microcomputer can be implemented by connect- 
ing either an Intermediate Frequency Transformer (I FT) and a capacitor, or a Ceramic 
Resonator and two capacitors, to the CLq and CLi Inputs. The Power-On-Reset 
Circuitry for any /iCOM-4 microcomputer can be implemented by connecting a 
Resistor, a Capacitor, and a Diode to the RESET Input. 
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I/O Capability FUNCTIONAL 

-. r.r..n. DESCRIPTION 

The juCOM-4 microcomputer family devices have either 35 or 21 I/O lines, depending (CONT ) 

upon the individual device, for communication with and control of external circuitry. 

They are organized as follows: 



PORT 


SYMBOL 


FUNCTION 


mPD546,mPD547, 

MPD547L,iuPD552, 

MPD553, MPD650, 

andMPD651 


AtPD550,MPD550L, 

MPD554,iuPD554L, 

MPD557L, andMPD652 


Port A 


PAo-3 


4-Bit Input 


• 


• 


Port B 


PBo-3 


4-Bit Input 


• 




Port C 


PCo-3 


4-Bit Input/Output 
(VF Drive Possible) 


• 


• 


Port D 


PDo-3 


• 4-Bit Input/Output 
(VF Drive Possible) 


• 


• 


Port E 


PEO-3 


4-Bit Output 

(VF Drive Possible) 


• 


• 


Port F 


PFO-3 


4-Bit Output 

(VF Drive Possible) 


• 


• 


PortG 


PGo-3 


4- Bit Output 

(VF Drive Possible) 


• 




PGo-1 


1-Bit Output 

(VF Drive Possible) 




• 


Port H 


PHO-3 


4-Bit Output 

(VF Drive Possible) 


• 




Port 1 


PIO-2 


3-Bit Output 

(VF Drive Possible) 


• 





Development Tools 

The NEC Development System (NDS) is available for developing software service code, 
editing, and assembling source code into object code, in addition, the ASM-43 Cross 
Assembler is available for systems which support either the Intel ISIS-li Operating 
System or the CP/M (® Digital Research Corp.) Operating System. 

The EVAKIT-43P Evaluation Board is available for production device emulation and 
prototype system debugging. The SE-43P Emulation Board is available for demon- 
strating the final system design. The juPD556B ROM-less Evaluation Chip is available 
for small pilot production. 
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MPD546, iuPD553, 
iuPD557L,MPD650 
BLOCK DIAGRAM 



fiCOM-4 



p'o-2 <;= 
PH0.3 <= 


1 

H 



PGo-3 <Jii: G ^/////////K 




PAo-3 czr^ A 



MPD547,iLiPD547L, 
/xPD552,iuPD651 
BLOCK DIAGRAM 



Note Block diagram above applies to mPD546, ix?DSb2, and mPD650 4-bit microcomputers The 
mPD557L block diagram is similar to the above, except that PBq-S, PG1.3, PHq-S, and 
PIO-2 have been eliminated to accommodate the juPD557L's 28-pin package 




M]> 



:<^ M ^y///.'^ 









3 ^ 



c=^ A 



^ 



RAM 
DECODER 



CTl 



RAM 
64x4 



UP DOWN 
COUNTER 

n 



INSTRUCTION BUS 8 BIT 



S 



±d dph <^zzl 



'':zz^ 



^F^^ 



fe 



RAM 
BUFFER 



n 



I O 
INTERFACE 



4 BIT 






Q BUS 
4 BIT 



I 



CONTROL 

AND 
DECODE 



7V~T 



^ 



fc 



CLQO 

CLi 



CLOCK 
GENERATOR 



INT 

F/F 



INT RES 



ROM 
1000x8 



2s: 



10-BIT 

PROGRAM COUNTER 



STACK 1 
(ajPD651 ONLY) 
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|iC0M-4 



PGo <J= G ^ 



F0 3 ^ZZ F (^ZZZZZZ 



PEO-3 <=: E (^ 



PDo-3 <Jz:C> D 



y///// 



pen 3 <Ji:J> c 



c:^ a:^ 



4^ 



RAM 
DECODER 



RAM 
32X4 



r/7777 



iuPD550,/iPD550L, 

mPD554,mPD554L, 

/iPD652 

BLOCK DIAGRAM 



UP/DOWN 
COUNTER 



.CTl 



n 



INSTRUCTION BUS 8 BIT 



DPl 



zz 



777V> 



dph (JZZ 



]C= 



RAM 
BUFFER 






I/O 
INTERFACE 



4BIT 






:C> 



Q-BUS 
4 BIT 



1 



CONTROL 

AND 
DECODE 



7V~r 



ct 



}C 



CL0« 
CLi« 



CLOCK 
GENERATOR 



ROM 




mPD550 1 






\ 


640 X 


8 


mPDSSOL^ 






mPD'554 j 






MPD554L 


1000 


xB 


mPD652 I 







is: 



10BIT 
PROGRAM COUNTER 



INT 

F/F 



TheiuPD546,iuPD553,/iPD557L, and jLtRDBBO execute ail 80 instructions of the 
extended juCOM-4 instruction set. The 22 additional instructions are indicated by 
shading. 

The iuPD547, mPD547L, mPD550, iuPD550L, iuPD552, iuPD554, iLiPD554L, iUPD651 , 
and //PD652 execute a 58 instruction subset of the juCOM-4 instruction set. 



INSTRUCTION SET 
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SYMBOL DEFINITIONS 



fiCOM-4 

The following abbreviations are used in the description of the juCOM-4 instruction set: 



SYMBOL 


EXPLANATION AND USE 


ACC 


Accumulator 


ACCn 


Bit "n" of Accumulator 


address 


Immediate address 


C 


Carry F/F 


C 


Carry Save F/F 


data 


Immediate data 


Dn 


Bit "n" of immediate data or immediate address 


DP 


Data Pointer 


dph 


Upper Bits of Data Pointer 


DPl 


Lower 4 Bits of Data Pointer 


FLAG 


FLAG Register 


INTE F/F 


Interrupt Enable F/F 


INTF/F 


Interrupt F/F 


P( ) 


Parallel Input/Output Port addressed by the value within the brackets 


Pn 


Bit "n" of Program Counter 


PA 


Input Port A 


PC 


Input/Output Port C 


PD 


Input/Output Port D 


PE 


Output Port E 


R 


R Register 


S 


S Register 


SKIP 


Number of Bytes in next instruction when skip condition occurs 


STACK 


Stack Register 


TC 


6-Bit Binary Down Timer Counter 


TIMER F/F 


Timer F/F 


W 


W Register 


X 


X Register 


Y 


Y Register 


Z 


Z Register 


( ) 


The contents of RAM addressed by the value within the brackets 


[ ] 


The contents of ROM addressed by the value within the brackets 


■<r- 


Load, Store, or Transfer 


■^ 


Exchange 


- 


Complement 


V 


LOGICAL EXCLUSIVE OR 




Applies to iuPD546, juPD553, juPD556B, iuPD557 L, and juPDBBO only 
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INSTRUCTION SET 



MNEMONIC 


FUNCTION 


DESCRIPTION 


INSTRUCTION CODE 


BYTES 


CYCLES 


SKIP 
CONDITION 


D7 De D5 D4 D3 D2 Di Do 


LOAD 1 


LI data 


Acc^Da-o 


Load Ace with 4 bits of imme- 
diate data; execute succeeding 
LI Instructions as NOP 
instructions 


1 1 D3 02 Di Do 


1 


1 


String 


L 


Ace - <DP) 


Load Ace with the RAM contents 
addressed by OP 


1110 


1 


1 




LM data 


Acc^lDP) 
DPh^DPhVDi^ 


Load Ace with the RAM contents 
addressed by DP; Perform a 
LOGICAL EXCLUSIVE-OR 
Between DPh and 2 bits of 
Immediate Data, Store the result 
in DPh 


1 1 1 Di Do 


1 


1 




LDI data 


DP-De-O 


Load DP with 7 bits of immediate 
data 


10 1 1 
D6 D5 D4 D3 D2 Di Do 


2 


2 




LDZ data 


DPh-0 
DPl-D3^ 


Load DPh with 0, 
Load DPl with 4 bits of 
immediate data 


1 D3 D2 Di Do 


1 


1 




STORE 1 


S 


IDP)*-Acc 


Store Ace '"to the RAM location 
addressed by DP 


10 


1 


1 




TRANSFER | 


TAL 


DPl-Acc 


Transfer Ace to DPl 


1 1 1 


1 


1 




TLA 


Ace *- DPl 


Transfer DPl to Acc 


10 10 11 


1 




TAW 


w-acc 


Tr^sfer Acc to W 


1 1 t 


1 - 


2 




TAZ 


Z-ACC 


Tttmhr Akjc to Z 


10 10 


1 


2 




THX 


X^Of»H 


Tramfer OPh to X 


10 11 1 


t 


2 




TtY 


y-OPt 


Tfdnsf^r DPt to V 


10 110 


t 


2 




EXCHANGE | 


X 


Ace** (DP) 


Exchange A with the RAM con- 
tents addressed by DP 


10 10 


1 


1 


1 


XI 


Ace** (DP) 
DPl-DPl + 1 
Skip if DP|_ = OH 


Exchange Ace with RAM con- 
tents addressed by DP, increment 
DPl, Skip if DPl = OH 


11110 


1 


1 +S 


DPl = OH 


XD 


Ace** (DP) 
DPl-^DPl-I 
Skip If DPl= FH 


Exchange Ace with the RAM 
contents addressed by DP, 
decrement DPl, Skip if DPl = FH 


10 110 


1 


1 +S 


DPl = FH 


XM data 


Ace** (DP) 
DPh-DPhVDi^ 


Exchange Acc with the RAM 
contents addressed by DP, Per- 
form a LOGICAL EXCLUSIVE- 
OR Between DPh and 2 bits of 
immediate data, store the results 
in DPh 


1 1 Di Do 


1 


1 




X Ml data 


Ace- (DP) 
DPh^DPh V Di^ 
DPl-DPl+1 
Skip if DPl = OH 


Exchange Acc with the RAM 
contents addressed by DP, Per- 
form a LOGICAL EXCLUSIVE- 
OR Between DPh and 2 bits of 
immediate data, store the results 
in DPh increment DPl, Skip if 
DPl = OH 


1 1 1 1 Di Do 


1 


1 +s 


DPl = OH 


XMD data 


Ace** (DP) 
DPh*-DPhVDi^ 

DPl - DPl -1 

Skip if DPl = FH 


Exchange Acc with the RAM 

form a LOGICAL EXCLUSIVE- 
OR Between DPh and 2 bits of 
immediate data, store the results 
in DPh decrement DPl, Skip if 
DPl = FH 


1 1 1 Di Do 


1 


1 +s 


DPl=FH 


XAW 


AcC-W 


Ex<^8n9«> Acc w^th W 


10 10 11 




2 




XAZ 


Acc-2 


Exdv»n§e Acc with Z 


10 19 10 




2 




XHfi 


DPh**B 


Exchange OP^ with R 


10 1 10 1 




2 




XHX 


Df»H*-X 


Exdf\an9s I^h ««th X 


10 1111 




2 




XLS 


0Pf*Sft«g*8tef 


Exchmge DP^ with $ Register 


10 1 10 




2 




XLY 


OPl-V 




10 1110 




2 




XC 


c**c 


exchange Carry F/F with 
Carry Saw fff 


110 10 




1 
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INSTRUCTION SET 
(CONT.) 



fiC0M*4 



MNEMONIC 


FUNCTION 


DESCRIPTION 


INSTRUCTION CODE 


BYTES 


CYCLES 


SKIP 
CONDITION 


D7 De D5 04 


03 


02 


Dl 


Do 


ARITHMETIC 




AD 


ACC-ACC+(DP) 
Skip if overflow 


Add the RAM contents addressed 
by DP to Ace; ••<•? i* overflow is 
generated 





1 













.*s 


Overflow 


ADC 


ACC*-ACC+(DP) + C 
if overflow occurs, 
C*-1 


Add the RAM contents addressed 
by DP, and the Carry F/F to Aqc; 
if overflow occurs, set carry F/F 


1 


1 








1 




1 




ADS 


AcC*-Acc + (DP) + C 
if overflow occurs, 
C ♦- 1 and skip 


Add the RAM contents addressed 
by DP and the carry F/F to Aqc- 
if overflow occurs, set Carry F/F 
and skip 





1 








1 




1 +s 


Overflow 


DAA 


AcC*-AcC + 6 


Add 6 to Ace ^° Adjust 
Decimal for BCD Addition 








1 


1 





1 


1 




DAS 


AcC"^Acc + 10 


Add lOto Ace to Adjust 
Decinnal for BCD Subtraction 





1 





1 







1 




LOGICAL 1 


EXL 


ACC*-ACCV(DP) 


Perform a LOGICAL 

RAM contents addressed by DP 
and Ace- store the result in Ace 


1 


1 











1 


1 




ACCUMULATOR 


CLA 


Acc-0 


Clear Ace to zero 


10 1 














1 


1 


String 


CMA 


ACC-^ACC 


Complement Ace 


1 














1 


1 




CIA 


AcC-A^+1 


Complement A, Increment A 


1 











1 


1 


1 




nm 


C-Acc^'^t-3* 


C9fr,m 




■^ • 








\'^-.-- 


-J : . ,: 


..;-f ;/.;i,v\t.;- 


CARRY FLAG 


CLC 


C*-0 


Reset Carry F/F to zero 





1 





1 


1 


1 


1 




STC 


C-1 


Set Carry F/F to one 


1 


1 




1 


1 


1 


1 




TC 


Skip if C = 1 


Skip if Carry F/F is true 
















1 


1 +s 


e-1 






FLAG 




;.,., 


'"' :■'■: 


:.:•<-;. r; f >Y A-.r'^v-v 


'... ' ■?^l^:/: 


SF8 


PIM^^V 


Set a »ngl» bu (denoted by Oi Dq) 


0, '-"I , '«■ 1 ■ 


.*■", 




-~% 


,' ,..is. 


t 


;-' t^'-vS; 


,,.ft1,.,,Nj,l,,,,lM„„n 


RFB 


ftAabit*-o 


Reset a strtgle bit (denoted by 
Ol Do> of FLAG Register to zero 


p; ,, 1 :;j; '.o , 


. 1;.„ 




.''-*> 


-n: 


1 


;, ;^2,;. ; 


./''■>'•, '." 


FBT 


^^lfFUW3bit»1 


Skip if a single bu (denoted by 
Oi Do) of the FLAG Register is 
true 


0. i ,-ft' 1 


t ' 




i!^\ 


■';^:'- 


1 


-atS ;'''f'i>t%>4t*1_ 


FBF 


sitir>jfi*LAai^*o 


Skip if a Single bit (denoted by 
DiDq) Qf the FLAG Register is 
false 


0." ,6. • "1= ^ -O/ 


9-.- 




'm;. 


•0(P, ;- 


1 


• r^-i^:'- " 


P'MV^-*0> 


INCREMENT AND DECREMENT 


INC 


Ace ^ Acc + 1 
Skip if overflow 


Increment A; Skip if overflow 
IS generated 





1 


1 





1 


1 


1 +s 


Overflow 


DEC 


AcC-Acc-1 
Skip if underflow 


Decrement A, Skip if underflow 
occurs 


1111 


1 


1+S 


Underflow 


IND 


DPl^DPl+1 
Skip if DPl = OH 


Increment DPl, 
Skip if DPl = OH 


11 








1 


1 


1 


1 +s 


DPl « OH 


DED 


DPl-DPl-1 
Skip if DP|_= FH 


Decrement DPl, 
Skip if DPl = FH 


1 








1 


1 


1 


1+S 


DPl=FH 


fNM 


IDP» - (DP) + J 
Skip It (DP) - OH 


Increment the RAM «or%t^9 
8ddf«ssed by D^ ; Sk»f> tf the . 
contents ^IW 


op f 


t \ 


t 


.**-, 


1 • 


1 ' ■. 


t+s 


io»>*i)«.'-:;- 


DtM 


(DP) - (DP) - 1 
Skip (MOP) = FH 


: Oecremem tlw RAM con«^4t$ 

d<Mr««widl>¥CM»;5kH>iftit» 
. cotitftrtts » t^H . 


O 9 t 


t 


1 


1 


-1 ■ 


• ' ' . . - 


1 +s 


Ka»|--is» - 
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/iCOM-4 



INSTRUCTION SET 
(CONT.) 



MNEMONIC 


FUNCTION 


DESCRIPTION 


INSTRUCTION CODE 


BYTES 


CYCLES 


SKIP 
CONDITION 


O7 


06 


D5 


D4 


03 


02 


Di 


Do 


BIT MANIPULATION 




RMB data 


(DP)b.t-O 


Reset a single bit (denoted by 
Di-Dq) of RAM at the location 
addressed by DP to zero 












1 





Di 


Do 


1 


1 




SMB data 


(DP)b,t-1 


Set a single bit (denoted by DiDq) 
of RAM at the location addressed 
by DP to one 









1 


1 





Di 


Do 




1 




REBdata 


PEb.t-0 


Reset a single bit (denoted by 
Di Dq) of output Port E to zero 















1 


Di 


Do 




2 




SEBdata 


PEb.t - 1 


Set a single bit (denoted by Di Dq) 
of output Port E to one 









1 





1 


Di 


Do 




2 




RPBdata 


P(DPL)bit*-0 


Reset a single bit (denoted by 
Di Dq) of the output port 
addressed by DPl to zero 


















Di 


Do 




1 




SPB data 


P(DPL)b.t-1 


Set a single bit (denoted by Di Dq) 
of the output port addressed by 
DPl 









1 








Di 


Do 




1 




JUMP, CALL AND RETURN 


JMP address 


PlO-0*-Dioo 


Jump to the address specified by 


1 

D7 



D6 


1 
D5 




D4 



D3 


D10 

D2 


D9 
Di 


08 
Do 


2 


2 




JCP address 


P5-O - D5^ 


Jump to the address withm the 
current ROM page specified by 
6 bits of immediate data 


1 


1 


D5 


D4 


D3 


D2 


Di 


Do 




1 




JPA 


P5-2 - Acc 
Pl^)-00 


Jump to the address within the 
current ROM page modified by 
Acc 





1 

















1 




2 




GAL address 


Stack ^ P + 2 
PlO-O-Dio-0 


Store a return address (P + 2) in 
the stack, call the subroutine pro- 
gram at the location specified by 
1 1 bits of immediate data 


1 

D7 



06 


1 

D5 



D4 


1 
D3 


D10 
D2 


D9 
Dl 


D8 
Do 




2 




CZP address 


Stack *- P + 1 
Pl0-6^ 00000 
P5-2 - D30 
PlJj-OO 


Store a return address (P + 1 ) in 
the stack, call the subroutine pro- 
gram at one of sixteen locations in 
Page of Field 0, specified by 4 
bits of immediate data 


1 





1 


1 


D3 


D2 


Di 


Do 




1 




RT 


P - Stack 


Return from Subroutine 





1 








1 













2 




RTS 


P *- Stack 

Skip unconditionally 


Return from Subroutine, skip 
unconditionally 





1 








1 








1 




2 + S 


Unconditional 


SKIP 


CI data 


Skip if Acc = D3-O 


Skip if Acc equals 4 bits of 
immediate data 




1 



1 











D3 


1 
D2 


1 
Di 


1 
Do 


2 


2 + S 


Acc * D3^ 


CM 


Skip if Acc = (DP) 


Skip if Acc equals ^*^^ RAM 
contents addressed by DP 














1 


1 








^ 


1 +S 


Acc = «DP) 


CMB data 


Sk"P If AcCb,t = <DP»b.t 


Skip if the single bit (denoted by 
Di Dq) of AcC- '* equal to the 
single bit (also denoted by Di Dq) 
of RAM addressed by DP 








1 


1 





1 


Di 


Do 


1 


1 +S 


AcCb,t = <DP)b.t 


TAB data 


Skip If AcCb,t = 1 


Skip if the single bit (denoted by 
DiDq) of Acc IS true 








1 








1 


Di 


Do 


1 


1 +S 


ACCb.t-1 


CLI data 


Skip tf DP|_= D3^ 


Skip if DPl equals 4 bits of 
immediate data 




1 




1 




1 


1 






D3 


1 
D2 


1 
Di 



Do 


2 


2 + S 


DPl = D3^ 


TMB data 


Skip If (DP)b,t = 1 


Skip if the single bit (denoted by 
Di Dq) of the RAM location 
addressed by DP is true 





1 





1 


1 





Di 


Do 


1 


1 +S 


(DP)b,t = 1 


TPA data 


Skip if PAbit = 1 


Skip if the single bit (denoted by 
DiDq) of Port A is true 





1 





1 





1 


D1 


Do 


1 


2 + S 


PAbit = 1 


TPB data 


Skip if P(DPL)b,t = 1 


Skip if the single bit (denoted by 
DiDq) of the input Port 
addressed by DPl is true 





1 





1 








Di 


Do 


1 


1 +S 


P<DPL)b,t = 1 


STM 


TIMER F/F^-O 
TC.-Db^ 


Pstmi Titrm F/F tc zero; Load 
Tttmr CotHlterwith 6 tvits of 
ifKrivwroflfM! lists J SSsurt ^ttftst 




1 








D5 


1 

04 




D3 


1 

02 




Di 



Do 


2 


2 




TTM 


Skip if riMbRF/F= t 


Skip jt Timer F/F is true 

















1 





1 


1 1 1 +$ 


TiM&B Pif » 1 
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fiCOM-4 



INSTRUCTION SET 
(CONT.) 



MNEMONIC 


FUNCTION 


DESCRIPTION 


INSTRUCTION CODE 


BYTES 


CYCLES 


SKIP 
CONDITION 


D7 D6 D5 D4 D3 D2 Di Dq 


INTERRUPT 


TIT 


Skip if INT F/F = 1 


Skip if Interrupt F/F is true, 
Reset Interrupt F/F 


1 1 


1 


1 +S 


INT F/F = 1 


|» :...;# 


m^M^M 




^::isi-M'^^/:'- 




^»?^iW 










PARALLEL I/O 


lA 


Ace *- PA 


Input Port A to Aqq 


10 


1 


2 




IP 


Acc^P(DPl) 


Input the Port addressed by 
DPLto Ace 


1 10 10 


1 


1 




OE 


PE-Acc 


Output Ace to Port E 


10 10 


1 


2 




OP 


P(DPl)^Acc 


Output Ace ^° ^^^ PO""^ 
addressed by DPl 


1 1 10 


1 


1 




OCD 


PD3^ ^ D7^ 
PC3^ - D3^ 


Output 8 bits of imnnediate 
data to Ports e and D 


11110 
D7 De D5 D4 D3 02 Di Do 


2 


2 




CPU CONTROL 


NOP 




Perfornn no operation, con- 
sume one machine cycle 


00000000 


1 


1 
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mCOM-4 



Package Outlines 

For informatioDy see Package Outline Section 7. 



Plastic, fxC0M-4C 
Plastic Miniflat, |jiC0M-4G 



iuCOM4DS-2-82-CAT 
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SEC 



ftPD557L 



DESCRIPTION 



PIN CONFIGURATION 



4-BIT SINGLE CHIP MICROCOMPUTER WITH 
VACUUM FLUORESCENT DISPLAY DRIVE 
CAPABILITY 

The MPD557L is a 4-bit single chip microcomputer which has the same architecture as 
the MPD553, but is pin-compatible with the mPDBBOL and the iuPD554L. The mPD557L 
contains a 2000 x 8-bit ROIVI and a 96 x 4-bit RAM, which includes six working regis- 
ters and the FLAG register. It has a lever-triggered hardware interrupt input INT, a 
three-level stack and a 6-bit programmable timer. The iUPD557L provides 21 I/O lines 
organized into the 4-bit input port A, the 4-bit I/O ports C and D, and the 4-bit output 
ports E and F, and the 1-bit output port G. The 17 I/O ports and output ports are 
capable of being pulled to -35V in order to drive Vacuum Fluorescent Displays directly. 
The //PD557L typically executes all 80 instructions of the extended a(C0M-4 family 
instruction set with a 25 fis instruction cycle time. It is manufactured with a modified 
PMOS process, allowing use of a single -8V power supply and is available in a 28-pin 
dual-in-lme plastic package. 

The MPD550L and the mPD554L are upward-compatible with the mPD557L. 

PIN NAMES 



CLiC 


1 




28 


U CLo 


PCoP 


2 




27 


D^GG 


pci c: 


3 




26 


U RESET 


PC2C 


4 




25 


D i"nt 


PCslI 


5 




24 


D PA3 


PDoC 


6 




23 


H PA2 


PDic: 


7 


mPd 


22 


Upai 


PD2C: 


8 


557L 


21 


3 PAo 


PD3C 


9 




20 


D PGo 


PEOC 


10 




19 


IPFS 


PElC 


11 




18 


DPF2 


PE21I 


12 




17 


Dpfi 


PE3II 


13 




16 


H PFo 


vssC 


14 

1 




15 


In TEST 




PA0-PA3 


Input Port A 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PGo 


Output Port G 


INT 


Interrupt Input 


CL0-CL1 


External Clock Signals 


RESET 


Reset 


vgg 


Power Supply Negative 


vss 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss) 



ABSOLUTE MAXIMUM 
RATINGS* 



Operating Temperature - 10°C to +70°C 

Storage Temperature -40°C to +125°C 

Supply Voltage, Vgg ■ ■^__^ - 15 to +0.3V 

Input Voltages (Port A, INT, RESET) -15to+0.3V 

(Ports C, D) -40 to +0.3V 

Output Voltages _40 to -H0.3V 

Output Current (Ports C, D, each bit) -4 mA 

(Ports E, F, G, each bit) -25 mA 

(Total, all ports) -100 mA 

Ta = 25°C 

*COMMENT Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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^PD557L 



Ta = -10°C to +70°C, Vqg = -8.0V 


± 10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


V|H 







-2.5 


V 


Ports A, C, D, INT, RESET. 


Input Voltage Low 


V|Li 


-6.5 




vgg 


V 


Ports A, INT, RESET 


V|L2 


-6.5 




-35 


V 


Ports C, D 


Clock Voltage High 


V0H 







-0.6 


V 


CLq Input, External Clock 


Clock Voltage Low 


V0L 


-5.0 




Vgg 


V 


CLo Input, External Clock 


Input Leakage Current High 


'lih 






+10 


mA 


PortsA,C,D,iNT, RESET 
V| =-1V 


Input Leakage Current Low 


'LILi 






-10 


mA 


Ports A, CD, INT, RESET 
V|=-9V 


ILIL2 






-30 


juA 


Ports CD, V| =-35V 


Clock Input Leakage Current High 


'L0H 






+200 


mA 


CLo Input, V0H = OV 


Clock Input Leakage Current Low 


Il0L 






-200 


mA 


CLo Input, V0L = -9V 


Output Voltage High 


VOHi 






-1.0 


V 


Ports C through G, 
IOH=-2mA 


V0H2 






-4.0 


V 


Ports E, F, G, Iqh = "20 mA 


Output Leakage Current Low 


'LOLi 






-10 


mA 


Ports C through G, 
Vo = -9V 


ILOL2 






-30 


mA 


Ports C through G, 
Vo=-35V 


Supply Current 


'GG 




-20 


-36 


mA 





DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pF 


f = 1 MHz 


Output Capacitance 


Co 






15 


PF 


Input/Output Capacitance 


CjO 






15 


pF 



CAPACITANCE 



Ta = -10'C to +70°C Vgg = -8.0V 


± 10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


100 




180 


kHz 




Rise and Fall Times 


tr-tf 







0.3 


MS 


External Clock 


Clock Pulse Width High 


t0WH 


2.0 




8.0 


MS 


Clock Pulse Width Low 


t0WL 


2.0 




8.0 


MS 



AC CHARACTERISTICS 




CLOCK WAVEFORM 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, |xPD557LC 

Plastic Shrinkdip, fxPD557LCT 
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557LDS-REV 1-2-82-CAT 



NEC 



MPD552 
/iPD553 



4-BIT SINGLE CHIP MICROCOMPUTERS WITH 
VACUUM FLUORESCENT DISPLAY DRIVE 
CAPABILITY 



DESCRIPTION 



PIN CONFIGURATION 



ABSOLUTE MAXIMUM 
RATINGS* 



The iLtPD552 and the iuPD553 are pin-compatible 4-bit single chip microcomputers 
which have similar architectures. 

TheiLtPD552 contains a lOOOx 8-bit ROM and a 64 x 4-bit RAM. It has a testable 
interrupt input INT, a single-level stack, and executes all 58 instructions of the 
jLiCOM-4 family instruction set. The juPD552 is upward compatible with the juPD553. 

The MPD553 contains a 2000;x 8-bit ROM, and a 96 x 4-bit RAM which includes six 
working registers and the Flag register. It has a level-triggered hardware interrupt, a 
three-level stack, and a programmable 6-bit Timer. The juPD553 executes all 80 
instructions of the extended juCOM-4 family instruction set. 

Both the /iPD552 and the iLiPD553 provide 35 I/O lines organized into the 4-bit input 
Ports A and B, the 4-bit I/O Ports C and D, the 4-bit output Ports E, F, G, and H, and 
the 3-bit output Port I. The 27 I/O ports and output ports are capable of being pulled 
to -35V in order to drive Vacuum Fluorescent Displays directly. Both devices typically 
execute their instructions with a 1 jus instruction cycle time. The juPD552 and the 
juPD553 are manufactured with a standard PMOS process, allowing use of a single 
-10V power supply, and are available in a 42-pin dual-in-line plastic package. 

PIN NAMES 




CLiC 


1 


^^ 


42 


□ CLq 


PCqC 


2 




41 


=Jvgg 


PCiC 


3 




40 


PPBS 


PC2C 


4 




39 


DPB2 


PC3C 


5 




38 


DPBl 


INT C 


6 




37 


UPBq 


RESET C 


7 




36 


UPAS 


PDoC 


8 




35 


DPA2 


PDiC 


9 




34 


DPAi 


PD2C 


10 


juPD 


33 


DPAo 


PD3C 


11 


552/ 


32 


DPI2 


PEOC 


12 


553 


31 


3P\^ 


PEig 


13 




30 


DPlQ 


PE2d 


14 




29 


DPH3 


PE3C 


15 




28 


DPH2 


PFoC 


16 




27 


UpHi 


PFiC 


17 




26 


iPHo 


PF2C 


18 




25 


DPG3 


PFSC 


19 




24 


DPG2 


TESTC 


20 




23 


JPG^ 


vssC 


21 




22 


3P(^o 



PA0-PA3 


Input Port A 


PB0-PB3 


Input Port B 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PG0-PG3 


Output Port G 


PH0-PH3 


Output Port H 


PI0-PI2 


Output Port 1 


INT 


Interrupt Input 


CLo-CLi 


External Clock Signals 


RESET 


Reset 


vgg 


Power Supply Negative 


vss 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss) 



Ope rating Temperature -10 C to +70 C 

Storage Temperature -40 C to +125 C 

Supply Voltage, Vgg -15to+0.3V 

Input Voltages (Port A, B, InT, RESET) -15to+0.3V 

(Ports C, D) -40 to +0.3V 

Output Voltages -40 to +0.3V 

Output Current (Ports C through I, each bit) -12 mA 

(Total, all ports) -60 mA 

Ta = 25°C 

♦COMMENT Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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/1PD552/553 

Ta = -10°C to +70°C, Vgg = -10V ± 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


VjH 







-3 5 


V 


Ports A through D, INT, 
RESET 


Input Voltage Low 


V|Li 


-7 5 




Vgg 


V 


Ports A, B, INT, RESET 


V|L2 


-7 5 




-35 


. V 


Ports C, D 


Clock Voltage High 


V0H 







-0 8 


V 


CLo Input, External Clock 


Clock Voltage Low 


V,/>L 


-6 




Vgg 


V 


CLo Input, External Clock 


Input Leakage Current High 


'lih 






+10 


mA 


Ports A through D, INT, 
RESET, V| =-1V 


Input Leakage Current Low 


'LILi 






-10 


juA 


Ports A through D, INT, 
RESET, V| =-11V 


'LIL2 






-30 


mA 


PortsC, D, V|=-35V 


Clock Input Leakage Current High 


Il0H 






+200 


mA 


CLo Input, V(^H = OV 


Clock Input Leakage Current Low 


'L0L 






-200 


mA 


CLo Input, V0L = -11V 


Output Voltage High 


voh 






-l"^ 


V 


Ports C through 1, 
IOH = -8mA 


Output Leakage Current Low 


'LOLi 






-10 


HA 


Ports G through 1, 
Vo = -11V 


ILOL2 






-30 


mA 


Ports C through i, 
Vo=-35V 


Supply Current 


•gg 




-30 


-50 


mA 





DC CHARACTERISTICS 



Ta = 25° C 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


PF 


f = 1 MHz 


Output Capacitance 


Co 






15 


PF 


Input/Output Capacitance 


ClO 






15 


pF 



CAPACITANCE 



Ta = -10°C to +70°C, VqC = "lOV 


± 10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


150 




440 


KHz 




Rise and Fall Times 


tr.tf 







03 


MS 


EXTERNAL CLOCK 


Clock Pulse Width High 


VWh 


05 




5.6 


MS 


Clock Pulse Width Low 


VWl 


0.5 




56 


MS 



AC CHARACTERISTICS 




CLOCK WAVEFORM 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, |xPD552C/553C 
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fiPDSSO 
fiPD554 



DESCRIPTION 



PIN CONFIGURATION 



4-BIT SINGLE CHIP MICROCOMPUTERS WITH 
VACUUM FLUORESCENT DISPLAY DRIVE 
CAPABILITY 

The jLiPD550 and the ^iPD554 are pin-compatible 4-bit single chip microcomputers 
which have the same architecture. The only difference between them is that the 
/iPDSBO contains a 640 x 8-bit ROM, whereas the iuPD554 contains a 1000 x 8-bit 
ROM. Both devices have a 32 x 4-bit RAM, a testable interrupt input INT, and a 
single-level stack. The ^tPD550 and the jL(PD554 provide 21 I/O lines organized into^ 
the 4-bit input port A, the 4-bit I/O ports C and D, the 4-bit output ports E and F, 
and the 1-bit output port G. The 17 I/O ports and output ports are capable of being 
pulled to -35V in order to drive Vacuum Fluorescent Displays directly. The juPDBSO 
and the juPD554 typically execute all 58 instructions of the jliCOM-4 family instruc- 
tion set with a 10 jUs instruction cycle time. Both devices are manufactured with a 
standard PMOS process, allowing use of a single - 10V power supply, and are available 
in a 28 pin dual-in-line plastic package. 



PIN NAMES 



CLiC 

PCoC 
PCiC 

PC2C 
PC3C 
PDoC 6 
PDiC 7 
PD2C 8 
PD3C 9 
PE0C1O 
PE1CII 
PE2C12 
PE3C13 
VSS C 14 



"vy 



juPD 
550/ 
554 



28 


□ CLo 


27 


3VGG 


26 


3 RESET 


25 


3 INT 


24 


Hpas 


23 


DPA2 


22 


13 PAl 


21 


Dpao 


20 


n PGo 


19 


npp3 


18 


DPF2 


17 


Dpfi 


16 


HPFo 


15 


3 TEST 



PA0-PA3 


Input Port A 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PGo 


Output Port G 


CLo-CLi 


External Clock Signals 


INT 


Interrupt Input 


RESET 


Reset 


vgg 


Power Supply Negative 


vss 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss) 




ABSOLUTE MAXIMUM 
RATINGS* 



Operating Temperature -lO^'Cto +70°C 

Storage Temperature -40°C to +125°C 

Supply Voltage, VgG- -^^ -15 to +0.3V 

Input Voltages (Port A, INT, RESET) -15to+0.3V 

(Ports C, D) -40 to +0.3V 

Output Voltages -40 to +0.3V 

Output Current (Ports C, D, each bit) -4 mA 

(Ports E, F,G,each bit) -15 mA 

(Total, all ports) -60 mA 

Ta = 25°C 

*COIVIMENT. Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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f<PD550/554 



Ta " -10°C to -t-TO^C; Vqg = -10V * 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


V|H 







-2.0 


V 


Ports A, C, D. TnT, RESET 


Input Voltage Low 


V|Li 


-4.3 




vgg 


V 


PortsA, INT, RESET 


V|L2 


-4.3 




-35 


V 


Ports C, D 


Clock Voltage High 


V0H 







-0.6 


V 


CLo Input, External Clock 


Clock Voltage Low 


V<^L 


-6.0 




Vgg 


V 


CLq Input, External Clock 


Input Leakage Current High 


ILIH 






+10 


mA 


PortsA, CD, TnT, RESET 
V|=-1V 


Input Leakage Current Low 


'LILi 






-10 


mA 


Ports A, CD, Int. RESET 
V| =-11V 


•LIL2 






-30 


ma 


Ports C D, V| = -35V 


Clock Input Leakage Current High 


lL0H 






+200 


mA 


CLo Input. V0H = OV 




lL0L 






-200 


mA 


CLo Input, V0L = -11V 


Output Voltage High 


VOH1 






-1.0 


V 


Ports C, D, Iqh = -2 mA 


VOH2 






-2.5 


V 


PortsE, F,G, loH=-10mA 


Output Leakage Current Low 


'LOLi 






-10 


mA 


Ports C through G, 
Vo = -11V 


ILOL2 






-30 


mA 


Ports C through G, 
Vo = -35V 


Supply Current 


'GG 


1 


-20 


-40 


mA 





DC CHARACTERISTICS 



Ta = 25* C 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pF 


f = 1 MHz 


Output Capacitance 


Co 






15 


pF 


Input/Output Capacitance 


C|0 

1 






15 


PF 



CAPACITANCE 



Ta = -10''Cto+70°C;VGG=-10V± 10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


150 




440 


KHz 




Rise and Fall Times 


Vtf 







0.3 


MS 


External Clock 


Clock Pulse Width High 


Vwh 


0.5 




5.6 


M« 


Clock Pulse Width Low 


VWl 


0.5 




5.6 


MS 



AC CHARACTERISTICS 




CLOCK WAVEFORM 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, |jiPD550C/554C 
Plastic Shrinkdip, |jlPD550CT 
Plastic Shrinkdip, |xPD554CT 
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MPD550L 
fiPD554L 



4-BIT SINGLE CHIP MICROCOMPUTERS WITH 
VACUUM FLUORESCENT DISPLAY DRIVE 
CAPABILITY 

DESCRIPTION The/iPDSBOL and theiuPD554L are pin-compatible 4-bit single chip microcomputers 
which have the same architecture. The only difference between them is that the 
MPD550L contains a 640 x 8-bit ROM, whereas the mPD554L contains a 1000 x 8-bit 
ROM. Both devices have a 32 x 4-bit RAM, a testable interrupt input INT, and a single- 
level stack. The jUPD550L and the /liPD554L provide 21 I/O lines organized into the 
4-bit input port A, the 4-bit I/O ports C and D, the 4-bit output ports E and F, and the 
1-bit output port G. The 17 I/O ports and output ports are capable of being pulled to 
-35V in order to drive Vacuum Fluorescent Displays directly. The juPD550L and the 
jLiPD554L typically execute all 58 instructions of the juCOM-4 family instruction set 
with a 25 /IS instruction cycle time. Both devices are manufactured with a modified 
PMOS process, allowing use of a single -8V power supply, and are available in a 28-pin 
dual-in-line plastic package. 

The juPD550L and the juPD554L are upward compatible with the jLtPD557L. 

PIN NAMES 

PIN CONFIGURATION 




ABSOLUTE MAXIMUM 
RATINGS* 



CMC 


1 




28 


3 CLo 


PCoC 


2 




27 


DVgg 


PCiC 


3 




26 


3 RESET 


PC2C: 


4 




25 


3 INT 


PC3C 


5 




24 


3PA3 


PDoC 


6 




23 


D PA2 


PDiC 
PD2C 
PD3C 


7 
8 
9 


juPD 
550 L/ 
554 L 


22 
21 
20 


3pai 
Dpao 
Dpgo 


PEoC 


10 




19 


3PF3 


PE1C 


11 




18 


3pf2 


PE2C 


12 




17 


3pfi 


pEsc: 


13 




16 


Hpfq 


vssC 


14 




15 


3 TEST 



PA0-PA3 


Input Port A 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PGo 


Output Port G 


CL0-CL1 


External Clock Signals 


INT 


Interrupt Input 


RESET 


Reset 


vgg 


Power Supply Negative 


vss 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss) 



Operating Temperature -10 C to +70 C 

Storage Temperature -40°C to +125°C 

Supply Voltage, Vgg- j^: -15to+0.3V 

Input Voltages (Port A, INT, RESET) -15to+0.3V 

(Ports C, D) -40 to +0.3V 

Output Voltages -40 to +0.3V 

Output Current (Ports C, D, each bit) -4 mA 

(Ports E, F, G,each bit) -15 mA 

(Total, all ports) -60 mA 



Ta = 25 C 
*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cau$e permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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MPD550L/554L 



Ta = -iCC to +70°C, Vgg = '8 OV ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


V|H 







-1 6 


V 


PortsA,C,D,TNT, RESET 


Input Voltage Low 


Vilt 


-4 5 




Vgg 


V 


Ports A, Int", RESET 


V|L2 


-4 5 




-35 


V 


Ports C, D 


Clock Voltage High 


V0H 







-0 6 


V 


CLo Input, External Clock 


Clock Voltage Low 


V0L 


-5 




Vgg 


V 


CLo Input, External Clock 


Input Leakage Current High 


'LIH 






+10 


mA 


PortsA, CD, IKPf, RESET 
V| =-1V 


Input Leakage Current Low 


Ilili 






-10 


mA 


PortsA,C,D, INT, RESET 
V| = -9V 


ILIL2 






-30 


mA 


PortsC, D, V| =-35V 


Clock Input Leakage Current High 


il0H 






+200 


mA 


CLo Input, V0H =0V 


Clock Input Leakage Current Low 


lL0L 






-200 


mA 


CLo Input, V0L = -9V 


Output Voltage High 


VOH1 






-1 


V 


PortsC, D, Iqh = -2 mA 


VOH2 






-2 5 


V 


Ports E, F, G, Iqh = -10 mA 


Output Leakage Current Low 


'LOL1 






-10 


mA 


Ports C through G, 
Vo =-9V 


ILOL2 






-30 


nA 


Ports C through G, 
Vo=-35V 


Supply Current 


'GG 




-12 


-24 


mA 





PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pF 


f = 1 MHz 


Output Capacitance 


Co 






15 


pF 


Input/Output Capacitance 


C|0 






15 


pF 



Ta = -10°C to +70°C, Vqg = -8-OV ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


100 




180 


KHz 




Rise and Fall Times 


V'tf 







0.3 


MS 


External Clock 


Clock Pulse Width High 


VWh 


2.0 




80 


MS 


Clock Pulse Width Low 


VWl 


2.0 




8.0 


MS 



vss 

V0H 
V0L _ 

Vgg 



-i/f- 



■ t0WH - 



-t0WL - 



DC CHARACTERISTICS 



CAPACITANCE 



AC CHARACTERISTICS 



CLOCK WAVEFORM 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, tJLPD550LC/554LC 
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fiPD556B 



^lC0M-4 4-BIT SINGLE CHIP 
ROM-LESS EVALUATION CHIP 

DESCRIPTION TheMPD556B is the ROM-less evaluation chip for the iuCOM-4 4-bit single chip micro- 
computer family. The /iPD556B is used in conjunction with an external 2048 x 8-bit 
program memory, such as the mPD2716 UV EPROM, to emulate each of the 14 differ- 
ent /iCOM-4 single chip microcomputers. 

The jLiPD556B contains a 96 x 4-bit RAM, which includes six working registers and the 
Flag register. It has a level-triggered hardware interrupt, a three-level stack, and a pro- 
grammable 6-bit timer. The juPD556B executes all 80 instructions of the extended 
/iCOM-4 family instruction set. 



The juPD556B provides 35 I/O lines organized into the 4-bit input Ports A and B, the 
4-bit I/O Ports C and D, the 4-bit output Ports E, F, G, and H, and the 3-bit output 
Port I. It typically executes its instructions with a lOjus instruction cycle time. The 
iLiPD556B IS manufactured with a standard PMOS process, allowing use of a single -10V 
power supply, and is available in a 64-pin quad-in-line ceramic package. 




PIN CONFIGURATION pp^ ^ 


1 


~\.^r— 


64 


ZDPDo 


pn2 1 — 


2 




63 


IV GG 


PD3 d 


3 




62 


1=1 RESET 


PEO 1 


4 




61 


IIMT 


pEi ci: 


5 




60 


=dPC3 


Pf-2 1 


6 




59 


|P(;2 


PE3 CZ 
BREAK 1 


7 




58 


ZDPCi 


8 




57 


■ --iPCo 


STEP CZ 


9 




56 


ZDPBa 


ACC/PC C- 


10 




55 


IPH2 


PlO 1= 


11 




54 


ZnPBi 


P9 CZZ 


12 




53 


iPBo 


P8 C=Z 


13 




52 


=)PA3 


P-j 1 ■ 


14 




51 


IPA2 


P6 en 


15 


iuPD 


50 


ZIJPAi 


P6 1 


16 


556B 


49 


iPAo 


P4 C= 


17 




48 


ZZJPI2 


P? 1 


18 




47 


IPIl 


P2 d 


19 




46 


ZDPIo 


Pi 1 


20 




45 


IPH3 


Po c: 


21 




44 


ZDPH2 


1^ r— 


22 




43 


IPHi 


'6 CZ 


23 




42 


ZDPHo 


Ir, ( 


24 




41 


IPG3 


'4 CZ 


25 




40 


IDPG2 


•3 1 


26 




39 


- -iP(.i 


• 2 ciz 


27 




38 


ZDPGo 


h L_ 


28 




37 


IPF3 


iQ [=: 


29 




36 


ZZIPF2 


CLi ( — 


30 




35 


=IZ3Pi=i 


clq cz: 


31 




34 


=)PF0 


GND 1 


32 




33 


ITI-Sl 



PIN NAMES 



PA0-PA3 


Input Port A 


PB0-PB3 


Input Port B 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PG0-PG3 


Output Port G 


PH0-PH3 


Output Port H 


PI0-PI2 


Output Port 1 


INT 


Interrupt Input 


'0-7 


Instruction Input 


PCo-10 


Progrann Counter Output 


Acc/PC 


Accumulator/Program 
Counter Select 


BREAK 


Break Input 


STEP 


Single Step Input 


CL0-CL1 


External Clock Source 


RESET 


Reset 


Vgg 


Power Supply Negative 


vss 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss) 
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MPD556B 



<r> 



BLOCK DIAGRAM 

Acc/PC 




iiO"° 



Operating Temperature -10°C to +70°C 

Storage Temperature -40°C to +125°C 

Supply Voltage, Vqg - 1 5V to +0.3V 

All Input Voltages -15Vto+0.3V 

All Output Voltages -15V to +0.3V 

Output Current (total, all ports) -4 mA 



ABSOLUTE MAXIMUM 
RATINGS* 



Ta = 25 C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 
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fiPD556B 



DC CHAR ACTERISTICS ^a ■ -io°c to *7o°c, vqg - -lov * 10%, vss - ov 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Hiqh 
Voltage 


V|H 







-2.0 


V 


Ports A to D, I7.0 

BREAK, STEP, INT, RESET, 

and Acc/PC 


Input Low 
Voltaqe 


V|L 


-4.3 




Vgg 


V 


Poits A to D, I7.0 

BREAK, STEP, iNT, RESET, 

and Acc/PC 


Clock Hiqh 
Voltaqe 


VmH 







-0.8 


^ 


CLq Input, External Clock 


Clock Low 
Voltaqe 


V,,,L 


-6 




Vgg 


V 


CLq Input, Extprnal Clock 


Input Leakaqe 
Current Hiqh 


Ilih 






no 


ajA 


Ports A and B, ly.Q 

iNT, RESET, BREAK, STEP, 

Acc/PC,V|=-1V 






MO 


HA 


Ports C and D, V| = -IV 


Input Leakaqe 
Current Low 


ILIL 






-10 


/^A 


Ports A and B, ly.Q 

FNT, RESET, BREAK, STEP, 

Acc/PC,V,=-11V 






-10 


AlA 


Ports C and D, V| =-11V 


Clock Input 
Leakage High 


1 Lr;>H 






t200 


HA 


CLq Input, External Clock, 
V^',H - OV 


Clock Input 
Leakage Low 


'L'/'L 






-200 


^A 


CLq Input, External Clock, 


Output Hiqh 
Voltage 


V0H1 






-1 


V 


Ports C to 1, P10-O 
IOH=-1-0'TiA 


V0H2 






-2.3 


V 


Ports C to 1, Pi 0-0 
l0H = -3.3 mA 


Output Leakage 
Current Low 


'lol 






-30 


mA 


Ports C to 1, Pi 0-0 
Vo = -11V 


Supply Current 


IGG 




-30 


-50 


mA 






AC CHARACTERISTICS 



Ta = -10°Cto+70°C,VGG 


= -10V ± 10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Frequency 


V> 


150 




440 


KHz 




Clock Rise and Fall Times 


tr. tf 







03 


MS 




Clock Pulse Width High 


t0WH 


05 




56 


MS 




Clock Pulse Width Low 


tf/>W L 


05 




56 


MS 




Input Setup Time 


t|S 






5 


MS 




Input Hold Time 


t|H 









MS 




BREAK to STEP Interval 


tBS 


200 






MS 


f = 400 KHz, "1 


' Written 


STEP to RUN Interval 


tSB 


200 






MS 


f = 400 KHz, "1 


' Written 


STEP Pulse Width 


tws 


30 






MS 


f = 400 KHz, "1 


' Written 


BREAK to Acc Interval 


tBA 


200 






MS 


f = 400 KHz, "1 


'Written 


Acc/PC Pulse Width 


tWA 


30 






MS 


f = 400 KHz, "1 


' Written 


STEP to Ace Interval 


tSAI 


200 






MS 


f = 400 KHz, "1 


' Written 


PC to STEP Overlap 


tSA2 






5 


MS 


f = 400 KHz, "1 


'Written 


PC to RUN Interval 


^AB 









MS 


f = 400 KHz, "1 


' Written 


Acc/PC - Pi 0-0 Delay 


^DAPI 






15 


MS 


f = 400 KHz, "1 


' Written 


tDAP2 






15 


MS 


f = 400 KHz, "1 


' Written 



CAPACITANCE Ta = 25°c 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


pf 


f= 1 MHz 


Output Capacitance 


Co 






15 


Pf 


Input/Output Capacitance 


C|0 






15 


pf 
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fiPD556B 



vss*^^ 



1/f^ 



^WL 



^0WH 



CLOCK WAVEFORM 



^0L 



no-0 



17-0 



X 



(PC) 



-tis- 



)( 



3= 

— H t|H h — 

ziki 



TIMING WAVEFORMS 



^-J 



^BA 



Acc/PC 



tDAPI- 




WA tSA2 — 



y"~A 



A"^L_ r-\ 



-^ H -*- tDAP2 



PlO-0 (PC)n 



" X<^CC);( (PC)n )((ACC))( ^ ^ (PC)"-^m )((Acc) )((PC)"+m 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Ceramic Quil, |jiPD556B 
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fiPD7500 SERIES 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER FAMILY 



Description 

The iLiPD7500 Series CMOS 4-Bit Single Chip 
IVIicrocomputer Family is a broad product line of 16 
individual devices designed to fulfill a wide variety of 
applications. The advanced 4th generation architecture 
Includes all of the functional blocks necessary for a 
single chip controller, including an ALU, Accumulator, 
Program Memory (ROM), Data Memory (RAM), four 
General Purpose Registers, Stack Pointer, Program 
Status Word (PSW), 8-Blt Timer/Event Counter, 
Interrupt Controller, Display Controller/Driver, and 8-Bit 
Serial Interface. The instruction set maximizes the 
efficient utilization of fixed Program Memory space, and 
includes a variety of addressing, Table-Look-up, 
Logical, Single Bit Manipulation, vectored jump, and 
Condition Skip Instructions. 

The^PD7500 Series includes four different devices, 
the /iPD7501 , )uPD7502, )uPD7503, and iuPD7514, capa- 
ble of directly driving Liquid Crystal Displays with up to 
16 7-segment digits. The /iPD7508A, /4PD7528, 
MPD7517, (XPD753B, nPD7537, and mPD7519 can direct- 
ly drive up to 35V Vacuum Fluorescent Displays with up 
to 8 7-segment digits, and the mPD7519 can directly 
drive up to 35V Vacuum Fluorescent Displays with up to 
16 7-segment digits. 

All 16 devices are manufactured with a Silicon gate 
CMOS process, consuming only 900jLtA max at 5V, and 
only 400mA max at 3V. The HALT and STOP power- 
down instructions can significantly reduce power 
consumption even further. 

The flexibility and the wide variety of fiPD7500 Series 
devices available make the /iPD7500 series ideally 
suited for a wide range of battery-powered, solar- 
powered, and portable products, such as telecommu- 
nication devices, hand-held instruments and meters, 
automotive products. Industrial controls, energy 
management systems, medical Instruments, portable 
terminals, portable measuring devices, appliances, and 
consumer products. 

Features 

D Advanced 4th Generation Architecture 

D Choice of 8-Bit Program Memory (ROM) size: 

- IK, 2K, 4K internal, or 8K external bytes 
D Choice of 4-Bit Data Memory (RAM) size: 

- 64, 96, 128, 208, 224, or 256 internal nibbles 
D RAM Stack 

D Four General Purpose Registers: D, E, H, and L 

- Can address Data Memory and I/O ports 

- Can be stored to or retrieved from Stack 



D Powerful Instruction Set 

- From 58 to 110 instructions, including: 

- Direct/indirect addressing 

- Table Look-up 

- RAM Stack Push/Pop 

- Single byte subroutine calls 

- RAM and I/O port single bit manipulation 

- Accumulator and I/O port Logical operations 

- 10 MS Instruction Cycle Time, typically 
D Extensive General Purpose I/O Capability 

- One 4-Bit Input Port 

- Two 4-Blt latched tri-state Output Ports 

- Five 4-Bit input/latched tri-state Output Ports 

- Easily expandable with mPD82C43 CMOS I/O 

Expander 

- 8-Bit Parallel I/O capability 

D Hardware Logic Blocks — Reduce Software 
Requirements 

- Operation completely transparent to instruction 

execution 

- 8-Bit Timer/Event Counter 

- Binary-up counter generates INTj at 

coincidence 

- Accurate Crystal Clock or External Event 

operation possible 

- Vectored, Prioritized Interrupt Controller 

- Three external interrupts (INTq, INTi, INT2) 

- Two internal interrupts (INTj, INTs) 

- Display Controller/Driver 

- Complete Direct Drive and Control of Multi- 

plexed LCD or Vacuum Fluorescent Display 

- Display Data automatically multiplexed from 

RAM to dedicated segment/backplane/digit 
driver lines 

- 8-Bit Serial Interface 

- 3-line I/O configuration generates INTs upon 

transmission of eighth bit 

- Ideal for distributed intelligence systems or 

communication with peripheral devices 

- Complete operation possible in HALT and STOP 

power-down modes 
D Built-in System Clock Generator 
D Built-in Schmidt-Trigger RESET Circuitry 
D Single Power Supply, Variable from 2.7V to 5.5V 
D Low Power Consumption Silicon Gate CMOS 
Technology 

- 900 mA max at 5V, 400 mA max at 3V 

- HALT, STOP Power-down instructions reduce 

power consumption to 20 mA max at 5V, 
IOmA at 3V (Stop mode) 
D Extended - 40°C to + 85°C Temperature Range 

Available 
n Choice of 28-pin, 40-pln, 42-pln dual-in-line pack- 
ages, or 52-pln, 64-pin, or 80-pih flat plastic 
packages. 
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Features 


7500 


7501 


7502 


7503 


7514 


7506 


7507 


7507S 


7508 


7508A 


7519 


7527 


7528 


7537 


7538 


Internal ROM 
(8-blt words) 




IK 


2K 


4K 


4K 


IK 


2K 


2K 


4K 


4K 


4K 


2K 


4K 


2K 


4K 


Expandable to 


8K 






























RAM 


256x4 


96x4 


128x4 


224x4 


256x4 


64x4 


128x4 


128x4 


224x4 


208x4 


256x4 


160x4 160x4 


160x4 160x4 


I/O Lines 


32 


24 


23 


23 


67 


22 


32 


20 


32 


32 


28 


35 


35 


35 


35 


8-Bit Timer/Event 
Counter 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


8-Bit Serial Interface 


• 


• 


• 


• 


• 




• 


• 


• 


• 


• 


• 


• 


• 


• 


Registers Outside RAM 


4x4 


2x4 


4x4 


4x4 




2x4 


4x4 


4x4 


4x4 


4x4 


4x4 


2x4 


2x4 


2x4 


2x4 


Instructions 


110 


63 


92 


92 


92 


58 


92 


91 


92 


92 


92 


66 


66 


67 


67 


Min Cycle Time (pis) 


6.67 


6.67 


6.67 


6.67 


5 


6.67 


6.67 


6.67 


6.67 


6.67 


6.67 


4 


4 


4 


4 


Interrupts 


5 


4 


4 


4 


4 


2 


4 


4 


4 


4 


4 


3 


3 


3 


3 


Stack Levels 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


RAM 


Display 

Controller/ 

Driver 




LCD 


LCD 


LCD 


LCD 










VFD 
drive 
only 


VFD 


VFD 
DRIVE 
ONLY 


VFD 
DRIVE 
ONLY 


VFD 
DRIVE 
ONLY 


VFD 
DRIVE 
ONLY 


1 Analog I/O 

I? 




















14-blt 
D/A 












^' Current Consumption 
(max) 


Normal Operation 










Qflf 


) mA at 5V ± 10%; 400 mA at 3V 


± 10%- 
















SUl 








Stop Mode 










Of 


) /iA at 5V ± 10%; 10/iA at 3V + 


inOA 
















£\. 


lUvO 




*" 




Operating 
Temperature Range 


-10X 
+ 70X 










-40'»C 

— to — 

+ 85X 








^ 












Paclcages 


28-pin DIP 












• 






• 














40-pin DIP 














• 




• 


• 












52-pin Fiat 












• 


• 




• 














64-pin Flat 




• 


• 


• 
























64-pin QUIL 


• 




















• 










42-pln DIP 
























• 


• 


• 


• 


80-pin Flat 










• 
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HPD7500 SERIES 



Instruction Set 

The nPD7500 Series Instruction Set consists of 110 
powerful instructions designed to take full advantage of 
the advanced /iPD7500 architecture in your application. 
It Is divided into two subsets, according to the 
complexity of the device. 
Instruction Set "A" is available for the higher- 
performance fiPD7500 Series devices having either a 
2K X 8-bit or a 4K x 8-bit Program Memory. It can be 
used with the mPD7500, mPD7502. mPD7503, fiPD7507, 
MPD7507S, MPD7508, mPD7508A, /iPD7519, mPD7514, 
MPD7527, fiPD7528, ^PD7537, and fiPD7538 products. 
Instruction Set "B" is available for the lower-cost 
/iPD7500 Series devices having a 1 K x 8-bit Program 
Memory. Its instructions are a compatible subset of 
Instruction Set "A," and can be used with the 
/iPD7500, fiPD7501 , and mPD7506 products. 



Instruction Set Symbol Definitions 

The following abbreviations are used in the description 
of the ^PD7500 Series Instruction sets: 

tymbol Explanation and Us* 

A Accumulator 

An 

addr 

b|t 

Bn 



String 



taddr 

In 

TCR 



TMR 
( ) 



Bit "n" of Accumuiator 



Operand specifying one bit of a nibble 



Bit "n" of two-bit operand 
Bi Bo Bit Specified 
Bit (LSB) 

1 Bit 1 

1 Bit 2 
11 Bit 3 (MSB) 



Bank 


Bank Flag of PSW (AiPD7500 only) 


borrow 


Resulting value Is less than OH 


C 


Carry Flag 


data 




D 


D Register 


Dn 




DE 


DE Register Pair 


DL 


DL Register Pair 


E 


E Register 


H 


H Register 


HL 


HL Register Pair 


lER 


lERbit: 12 3 
Interrupt: INTj INTo/S INTi INT2 


IIME 


Interrupt Master Enable F/F 


INTn 


Interrupt "n" 


IRFn 


Interrupt Request Flag "n" 


L 


L Register 


overflow 




P() 




PC 


Program Counter 


PCn 


Bit "n" of Program Counter 


PSW 


Program Status Word 

PSW bit: 12 3 

Flag: Carry Bank SKo SKi 




Register Pair, specified by the 3-bit immediate data operand D2-0, as 



follows: 
D2 Di 




1 
1 



Do 




IE 
DL 
DE 
HL- 
HL + 
HL 



Additional Action 
none (Instruction set "A" only) 
none (instruction set "A" only) 
decrement L; skip if L = FH 
increment L; skip if L =: OH 



Skip Cycles: when skip condition does not occur 
1 when skip condition does occur 



Serial I/O Shift Register 



Serial I/O Count Register 



Stack Pointer 



String Effect; in a string of similar instructions, only the first 
encountered is executed; the remainder of the instructions in the string 

are executed as NOP instructions 

Operand specifying ROM Table Data 



Bit "n" of ROM Table Data 



Timer Counter Register 



Timer Modulo Register 



The contents of the RAM location addressed by the value within the 
parentheses 



[ ] The contents of the ROM location addressed by the value within the 

brackets 

^-~ Load, Store, or Transfer nght operand Into left operand 

*» » Exchange the left and right operands 

NOT Logical NOT (One's complement) 



LOGICAL AND 



r:"^ 



LOGICAL Exclusive OR 



instruction pertains to yPOtSOQ only 
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iuPD7500 SERIES 



Instruction Set "A" 

For the fxPD7500, ]xPD7502, ixPD7503, iuPD7507, yiPD7507S, nPD7508, txPD7508A, and mPD7579 devices only 





Function 










Instruction Code 






Bytes 


Cycles 


Skip Condition 


D7 


06 


D5 


D4 


03 


D2 


Dl 


DO 


HEX 


Load 


LADR addr 


A-(D7-0) 


Load Accumulator 
from directly 
addressed RAM 



D7 



D6 


1 
D5 


1 
D4 


1 
D3 



D2 



Dl 



Do 


38 
00-FF 


2 


2 




LAI data 


A-D3.0 


Load Accumulator 
with immediate 
data 











1 


D3 


D2 


D1 


Do 


10-1F 


1 


1 


String 


LAMrp 


A-(rp) 

rp = DL, DE, HL-, HL + , HL 
if rp = HL - , skip if borrow 
if rp =: HL + , sl(ip if overflow 


Load Accumulator 
from Memory, 
possible skip 





1 





D2 








Dl 


Do 


40,41 
50-52 


1 


1+S 


See explanation 
of "rp" in symbol 
definitions 


LAMT 

(mPD7500, MPD7502 

only) 


ROM addr = PCio-B. 

0. C, A3.0 
A-[ROIM addrl7.4 
(HL)-[ROM addr]3.o 


Load Accumulator 
and Memory from 
Table 





1 





1 


1 


1 


1 





5E 


1 


2 





LAMTL 


ROM addr = PCn-s, 


Load Accumulator 








(/^PD7500, MPD7503, 


A3.O, (HL)3.0 


and Memory from 








MPD7507, >4PD7507S, 


A-[ROM addr]7-4 


Table Long 






,^PD7508, MPD7508A, 


(HL)-[ROM addrl3.0 








MPD7519, only) 











3F 
34 



LDEI datd 


D-D7.4 
E-D3.0 






Load DE register 
pair with immedi- 
ate data 



D7 


1 
D6 



D5 



D4 


1 
D3 


1 
D2 


1 
D1 


1 
Do 


4F 
00-FF 


2 


2 




LDI data 


D*-D3.0 






Load D register 
with immediate 
data 










1 
1 


1 



1 
D3 


1 
D2 


1 
D1 



Do 


3E 
20-2F 


2 


2 




LEI data 


E-D3.0 






Load E register 
with immediate 
data 










1 



1 



1 
D3 


1 
D2 


1 
D1 



DO 


3E 
00-OF 


2 


2 




LHI data 


H-D3.0 






Load H register 
with immediate 
data 










1 

1 


1 

1 


1 
D3 


1 
D2 


1 
Dl 



DO 


3E 
30-3F 


2 


2 




LHLI data 


H-D7.4 
L-D3.0 






Load HL register 
pair with immedi- 
ate data 



D7 


1 
D6 



D5 



D4 


1 
D3 


1 
D2 


1 
Dl 



Do 


4E 
00-FF 


2 


2 


String 


LHLT taddr 


ROM addr = OCOH 
H-[ROM addrj7-4 
L^[ROM addr]3.o 


+ D3-0 


Load HL register 
pair from ROM 
Table 


1 


1 








D3 


D2 


Dl 


Do 


CO-CF 


1 


2 


String 


LLI data 


L-D3.0 






Load L register 
with immediate 
data 










1 



1 
1 


1 
D3 


1 
D2 


1 
D1 



Do 


3E 
10-1 F 


2 


2 




Store 


ST 


(HL)-A 






Store A to Memory 





1 





1 





1 


1 


1 


57 


1 


1 




Transfer 


TAD 


D*-A 






Transfer A to D 











1 





1 









3E 
AA 


2 


2 




TAE 


E*-A 






Transfer A to E 










1 





1 









3E 
8A 


2 


2 




TAH 


H-A 






Transfer A to H 










1 
1 




1 










3E 
BA 


2 


2 




TAL 


L-A 






Transfer A to L 










1 
1 




1 










3E 
9A 


2 


2 




TDA 


A-D 






Transfer D to A 










1 






1 








1 


3E 
AB 


2 


2 




TEA 


A-E 






Transfer E to A 










1 






1 








1 


3E 
8B 


2 


2 




THA 


A*-H 






Transfer H to A 










1 
1 




1 








1 


3E 
BB 


2 


2 




TLA 


A-L 






Transfer L to A 










1 
1 




1 








1 


3E 
9B 


2 


2 




Exchange 


XAD 


A«D 






Exchange A with D 





1 








1 





1 





4A 


1 


1 




XADR addr 


A«(D7.0) 






Exchange A with 
directly addressed 
RAM 



D7 



D6 


1 
D5 


1 
D4 


1 
D3 



D2 



Dl 


1 

Do 


39 
00-FF 


2 


2 




XAE 


A«E 






Exchange A with E 





1 








1 





1 


1 


4B 


1 


1 




XAH 


A«H 






Exchange A with H 





1 


1 


1 


1 





1 





7A 


1 


1 




XAL 


A«L 






Exchange A with L 





1 


1 


1 


1 





1 


1 


7B 


1 


1 




XAMrp 


A-(rp) 
rp = DL, DE 
if rp = HL- 
if rp = HL + 


HL-,HL + ,HL 
skip if borrow 
skip if overflow 


Exchange A with 
Memory, Possible 
Skip 





1 





D2 





1 


Dl 


Do 


44,45 
54-56 


1 


1+S 


See explanation 
or "rp" in symbol 
definitions 


XHDR addr 


H«(D7-0) 






Exchange H with 
directly addressed 
RAM 



D7 



D6 


1 
D5 


1 
D4 


1 
D3 



D2 


1 
Dl 



Do 


3A 
00-FF 


2 


2 




XLDR addr 


L«(D7.0) 






Exchange L with 
directly addressed 
RAM 



D7 



D6 


1 
D5 


1 
D4 


1 
D3 



D2 


1 
D1 


1 
Do 


3B 
00-FF 


2 


2 
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fiPD7500 SERIES 



Instruction Set "A" (Cont.) 

For the ixPD7500, iaPD7502, ixPD7503, \xPD7507, ixPD7507S, \xPD750B, ixPD7508A, and tiPD7519 devices only 



Dftscriptlon 



Instruction Cod* 



P7 Pe Ds P4 Pa P2 Pi 



Byt*s Cycl*s Skip Condition 



Arlthmatle 



A, C*-A + (HL) + C 
skip if carry 



Add with carry, 

skip H carry 







A*-A + (HL) 
skip If overflow 



Add memory; skip 
if overflow 



Carry : 






SIS0^J'}. 









^^■i 















:-1= 
■v^"--. 



^■:-^'-': 






Hvl!^;;/';,v'7|5;:fSv;;-';i»m»(»r 




$M$|-'-:: 



'; -B*-^l^;~<|(* ';''-'';',?:" 












1,1 ; :/~ ;>:v' ^-- m#vj- ^::r~k^ -^i^s^; 



si.si:'; 



^-,fi>^A»i'-^ 






■ -0, , ;;«, , 






■ i-^^ 
:^^'': 



-~mmmt': ' 



ANL 
EXL 



AND Accumulator 
and Memory 



3F 
B2 



Exclusive-Or 
Accumulator and 
Memory 



A*-A OR (HL) 



OR Accumulator 
and Memory 



Accumulator 



CMA 



A-NOT A 



Complement 
Accumulator 






:/A3*^A2> v/_ 












C*-Ao 
Ao'-Ai 

A1-A2 

A2*-A3 
A3*-C (old) 



Rotate 

Accumulator right 
through Carry 



Program Status Word 


RC 


C-0 


Reset Carry 1 1 


1 


1 











78 


1 


1 




SC 


C-1 


Set Carry 1 1 


1 


1 








1 


79 


1 


1 




Increment and Pocromont 


om\ ;/;;;- ,; ; 


-' ;-';;--Pg^[Ji'-'i; '' ,.^ '- 




1 



■1 ~ 







-:0; 





, -a.'-: 


■ :~ '"2 - - 




DDRS addr 


(D7.0)-(D7-0)-1 
skip If (D7.0) = FH 


Decrement directly 1 
addressed RAM; D7 De D5 
skip If borrow 


1 
D4 


1 

D3 


1 
D2 




Dl 



Do 


3C 

00-FF 


2 


2 + S 


(D7.0) = FH 


DES 


E*-E - 1 
skip If E = FH 


Decrement E; skip 1 
if borrow 





1 











48 


1 


1+S 


E = FH 


oHi': 'v- 1. -:--;/ 


-;~ ;^;,_,p^-.;f -^' ?-','s^V 




1 

-1 ., 


-' 1- 

"1 -; 




; or. 


- ^ 






' 'iM - '"■' 


--v;^ '/ 




DLS 


L-L - 1 
skip if L = FH 


Decrement L, skip 1 
if borrow 


1 


1 











58 


1 


1+S 


L = FH 


I0i'v-;:„\;y 


J';. ,r^l-i3i^i-v- ;-\;:^ 


' -/,'-';' ■' - , ' ' '.-%■' 9[ -,, ' 







. 1 .- 




% ' 


m 


, ; ^ - -,-'-- 


';,:-^; ■ 




IDRS addr 


(D7-o)*-(D7-0)-1 
Skip If (D7.0) = OH 


Increment directly 1 
addressed; skip If D7 De D5 
overflow 


1 

D4 


1 

D3 


1 

D2 




Dl 


1 

Do 


3D 
OO-FF 


2 


2 + S 


(D7.0) = OH 


lES 


E-E + 1 
skip If E = OH 


Increment E; skip 1 





1 








1 


49 


1 


1+S 


E = OH 


mt '■■ 


.- ' \ :-, WL*~HL + ,1 ' ' 


iner^mem Hi ,0 1 = 

- - . , ' , ~ i «-: "- ' 


1 

X - 


1, 


1 ' 





1 




' ' ' % ' 


'. ■ '^ ■ 


y^-^'-]' \' '•:: 


ILS 


L-L + 1 
skip If L = OH 


Increment L; skip 1 
if overflow 


1 


1 








1 


59 


1 


1+S 


L = OH 1 


Bit Manipulation 


RMB bit 


(HL)bit-O 

bit = Bi-o (0-3) 


Reset Memory bit 1 1 





1 





Bl 


Bo 


68-6B 


1 


1 




SMB bit 


(HL)bit-l 

bit = Bi-o (0-3) 


Set Memory bit 1 1 





1 


1 


Bl 


BO 


6C-6F 


1 


1 
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juPDTSOO SERIES 



Instruction Set "A" (Cont.) 

For the \xPD7500, iiPD7502, iJiPD7503, \iPD7507, \jiPD7507S, ixPD7508, fxPD7508A, and \xPD7519 devices only 





Function 














Byt«s 


Cycl«s 


Skip Condition 


D7 


D6 D5 


D4 D3 D2 Dl 


DO 


HEX 


Branch 



(SP-1)'^PC7.4 

(SP-2)*-PC3.o 

(SP-3)^PSW 

(SP-4)-PCii.i8 

SP*-SP-4 

BANK-^O 

PCii-0 

PClO-O-^DlO-O 



Call subroutine 




D7 



Oio Dg 
D3 D2 Di 



D8 
Do 



30-37 
00-FF 



JMP addr 
JUMPL aed 



(SP-1)-PC7.4 

(SP-2)-PC3.o 

(SP-3)*-PSW 

(SP-4)-PCli.8 

ROM addr = OCOH + D5.O 

BANK^O 

PCl 1.10^00 

PC9.7*-(ROM addrl7.5 

PC6-5-OO 

PC4.0'^IROM addrl4.0 



Call subroutine 
through ROIM Table 
(single byte) 



D5 D4 D3 D2 Di Do 



JAM data 


PCii.8*-D3.0 

PC7.4-A 

PC3.0-(HL) 


Vectored Jump on 
Accumulator and 
Memory 










1 



1 
1 


1 
D3 


1 
D2 


1 
D1 


1 
Do 


3F 
10-1F 


2 


2 


JCP addr 


PC5.O-D5.O 


Jump within 
current page 


1 





Ds 


D4 


D3 


D2 


Di 


Do 


80.BF 


1 


1 



BANK*-Di2 
PCii.o*Dii.o 



PCll.8-(SP) 
BANK*-(SP + 1) 
PC3.0^(SP + 2) 
PC7.4'^(SP + 3) 
SP-SP + 4 



Jump to specified 








1 





Oil 


DiO 


D9 


D8 


20-2F 


address 


D7 


D6 


D5 


D4 


D3 


D2 


Di 


Do 




Jump l^mg to 








1 


1 


1 


1 


1 


1 


3F 


speeif led address 








Dia 





Oil 


D10 


09 


08 


OC-OF 
20-2F 




D7 


D6 


D5 


D4 


D3 


D2 


Di 


Do 


00-FF 


Return from 





1 





1 








1 


1 


53 


Subroutine 




















Return from 





1 














1 


1 


43 


Subroutine and 




















restore PSW 





















PCii.8-(SP) 
PSW-(SP + 1) 
PC3-0*-(SP + 2) 
PC7.4MSP + 3) 
SP-SP + 4 



PC11.8*-(SP) 
BANK^(SP + 1) 
PC3-0*-(SP + 2) 
PC7.4*-(SP + 3) 
SP*-(SP + 4) 
Skip unconditionally 



Return from 10 110 11 5B 

Subroutme; then 
skip next 
mstruction 



1 1 + S Unconditional 











Sta 


ck 


















POPDE 


E-(SP) 
D*-(SP + 1) 
SP-^SP + 2 


Pop DE register 
pair off Stack , 




1 






1 1 











3E 
8F 


2 


2 




POPHL 


L-(SP) 
H-(SP + 1) 
SP-SP + 2 


Pop HL register 
pair off Stack 



1 






1 1 

1 










3E 
9F 


2 


2 




PSHDE 


(SP-1)-D 
(SP-2)-E 
SP-SP-2 


Push DE register 
pair on Stack 




1 






1 1 












3E 
8E 


2 


2 




PSHHL 


(SP-1)-H 
{SP-2)-L 
SP-SP-2 


Push HL register 
pair on Stack 




1 






1 1 

1 










3E 
9E 


2 


2 




TAMSP 


SP7-4^A 

SP3-1*-(HL)3.1 

SPo*-0 


Transfer Accumu- 
lator and Memory 
to Stack Pointer 










1 1 
1 1 











3F 
31 


2 


2 




TSPAM 


A-SP7-4 

(HL)3.1-SP3.1 

(HL)o*-0 


Transfer Stack 
Pointer to 
Accumulator and 










1 1 
1 1 


1 











3F 
35 


2 


2 




Conditional Skip 


SKABT bit 


Skip if Abit = 1 
bit = Bi. 0(0-3) 


Skip if Accumulator 
bit true 







1 1 







Bl 


Bo 


74-77 


1 


1+S 


Abit = 1 


SKAEI data 


Skip if A = D3.0 


Skip if Accumulator 
equals immediate 
data 








1 1 

1 


1 
D3 


02 


1 
Di 


1 
Do 


3F 


2 


2 + S 


A = 03-0 


SKAEM 


Skip If A = (HL) 


equals Memory 







1 


1 




1 


1 


5F 


1 


1+S 


A = (HL) 


SKC 


Skip If C = 1 


Skip if Carry 







1 


1 




1 





5A 


1 


1-i-S 


C = 1 


SKDEI data 


Skip if D = D3.0 


Skip if D equals 
immediate data 








1 1 

1 


1 

D3 


02 


1 
01 



Do 


3E 
60-6F 


2 


2 + S 


D s O3.0 


SKEEI data 


Skip if E = D3-0 


Skip If E equals 
immediate data 








1 1 




1 

D3 


02 


1 
01 



Do 


3E 
40-4F 


2 


2 + S 


E = D3-O 


SKHEI data 


Skip If H = D3.0 


Skip If H equals 
immediate data 









1 1 
1 1 


1 
03 


02 


1 

01 



Do 


3E 
70-7F 


2 


2 + S 


H = O3.0 
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fiPD7500 SERIES 



Instruction Set "A" (Cont.) 

For the nPD7500, \aPD7502, iaPD7503, iiPD7507, \xPD7507S, ixPD7508, nPD7508A, and iaPD7519 devices only 





Function 


Doseriptlon 








Instruction Cod* 






Bytas 


Cyclas 


Skip CondRlon 


D7 


De 


D8 


D4 


D3 


D2 


Dl 


Do 


HEX 


Conditional SIdp (Cont.) 


SKLEI data 


SIdp If L = D3.0 


Skip if L equals 








1 




1 

1 


D3 


D2 


1 
Dl 



Do 


3E 
50-5F 


2 


2-t-S 


L = D3.0 


SKMBF bit 


Skip If (HL)blt = 
bit = Bi.o(0-3) 


Skip if Memory 
bit false 





1 











Bl 


BO 


60-63 


1 


1+S 


(HL)blt = 


SKMBT bit 


Skip If (HL)blt = 1 
bit = 81.0(0-3) 


Skip If Memory 
bit true 





1 











Bl 


Bo 


64-67 


1 


^+s 


(HL)blt = 1 


mm 


mpitim.»t>^ 




0. 






i ' 
i 


»j» 


H 


- 1-.- 


1" 

6» 




■ ^ 


: t*»- 


-m^^.v^' /. 


























TAMMOD 


TMR7.4-A 

TiWn3-0*-(HL) 


Transfer 

Accumulator and 
Memory to Timer 
Modulo Register 






















3F 
3F 


2 


2 




TCNTAM 


A-TCR7.4 
(HL)*-TCR3-0 


Transfer Timer 
Count Register to 

Memory 






















3F 
3B 


2 


2 




TliMER 


TCR7.0-O 
IRFt*-0 


Start Timer 






















3F 
32 


2 


2 


\ 


Intorrupt Control | 


Dl data 


IME F/F^O if data = 
iER3.o*-IER3.o AND NOT 
D3.0 if data 00 


Disable Interrupt, 
interrupt Master 
Enable F/F or 
specified 




1 








1 



1 
D3 


1 

D2 


1 
Dl 


1 

Do 


3F 
80-8F 


2 


2 


1 


El data 


IME F/F-1 if data = 
•ER3.o^lER3.o OR D3.0 
If data 00 


Enable Interrupt, 
Interrupt Master 
Enable F/F or 
specified 




1 








1 
1 


1 
D3 


1 
D2 


1 
Dl 


1 
Do 


3F 
90-8F 


2 


2 




SKI data 


Skip If IRFn AND D3.0 <> 
IRFn-^IRFn AND NOT D3.0 


Skip if Interrupt 
true 








1 




1 



1 
D3 


1 
D2 


1 
Dl 


1 
Do 


3F 
40-4F 


2 


2 + S 


IRFn = 1 


Sorial intorfaco 


SIO 


SIOCR-0 
IRFo/S-0 


Start Serial I/O 
Operation 










1 
1 


1 
1 


1 



1 



1 
1 


1 
1 


3F 
33 


2 


2 




TAMSIO 


SIO7.4-A 
SiO3.0*-(HL) 


Transfer Accumu- 
lator and Memory 
to SI Shift 
Register 










1 
1 


1 
1 


1 
1 


1 
1 


1 
1 


1 



3F 
3E 


2 


2 




TSiOAIM 


A-SIO7.4 
(HL)-SIO3.0 


Transfer SI Shift 
Register to Accumu 
lator and Memory 










1 
1 


1 
1 


1 
1 


1 



1 
1 


1 



3F 
3A 


2 


2 




Parallol I/O 


ANP data 


P(P3-0)-P(P3-0) AND D3.0 


AND output port 
latch with 



D3 


1 

D2 



Dl 




Do 


1 
P3 


1 
P2 



Pi 



PO 


4C 
00-FF 


2 


2 






IP port 


A*-P(P3.0) 




Input from port. 
Immediate address 




1 




1 





1 



1 
P3 


1 
P2 


1 
Pi 


1 

PO 


3F 
CO-CF 


2 


2 


IP1 (except 
MPD7507S) 


A-P(1) 




Input from Port 1 





1 




1 











1 


71 


1 


1 


IP54 


A-P(5) 
(HL)-P(4) 




Input Byte from 
Ports 5 and 4 












1 
1 


1 
1 


1 



1 



1 




3F 
38 


2 


2 


IPL 


A-P(L) 




Input from Port 
specified by L 





1 




1 














70 


1 


1 


OP port 


P(P3-0)*-A 




Output to port. 




1 




1 




1 



1 

P3 


1 

P2 


1 
Pi 


1 

PO 


3F 
EO-EF 


2 


2 


0P3 


P(3)-A 




Output to Port 3 





1 




1 








1 


1 


73 


1 


1 


OP54 


P(5)-A 
P(4)-(HL) 




Output Byte to 
Ports 5 and 4 












1 

1 


1 
1 


1 

1 


1 




1 




3F 
30 


2 


2 


OPL 


P(L)-A 




Output to port 
specified by L 





1 




1 








1 





72 


1 


1 


ORP data 


P(P3.0)*-(P3-0) OR D3-0 




OR output port 
latch with 



D3 


1 

D2 



Dl 



Do 


1 

P3 


1 

P2 




Pi 


1 

PO 


4D 
00-FF 


2 


2 


RPBi. 


(l^>bit(Li-O)-0 


Reset Port Bit 
specified by L 





1 





t 


1 


1 








5C 


1 


1 


SPBL 


>iPOS2C43 t/O Expander 


Port 


Set Port Bit 





1 





1 


1 


1 





1 


SO 


1 


1 



tK3.2)bit(Li.0)-_1_ 



specified by L 



CPU Control 



HALT 


Enter HALT Mode 










1 
1 


1 
1 


1 




1 
1 


1 
1 


1 




3F 
36 


2 


2 


NOP 


No operation 


























00 


1 


1 


STOP 


Enter STOP Mode 










1 
1 


1 
1 


1 




1 
1 


1 
1 


1 
1 


3F 
37 


2 


2 



3-31 



/iPD7500 SERIES 



Instruction Set "B" 



For the \iPD7500, \aPD7501, and yiPDlSOS devices only 





Function 










Instruction Code 






Bytes 


Cycles 


Skip Condition 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 


HEX 


Load 


LADR addr 


A-(D6.0) 




Load Accumulator 
from directly 
addressed RAM 







D6 


1 
D5 


1 
D4 


1 
D3 



D2 



Dl 



Do 


38 
00-5F 


2 


2 




LAI data 


A-D3.0 















1 


D3 


D2 


Dl 


Do 


10-1F 


1 


1 


String 


LAMrp 


A-(rp), 

rp = HL-,HL + ,HL 

If rp = HL-, skip if borrow 

if rp = HL + , skip if overflow 


Load Accumulator 
from Memory, 
possible skip 





1 





1 








Dl 


Do 


50-52 


1 


1+S 


See explanation 
of "rp" in symbol 
definitions 



ROM addr = PCio-S. 


Load Accumulator 





1 





1 


0, C, A3.0 


and Memory from 










A-[ROM addrl7.4 


Table 










iHM!:l9?Waddr]3:0_ 












mm ad* « PCtos, 


Load Acottmuiator 








1 


t 


A34I. (HLH^ 


IHw Jm^fMify f fOltJ 








1 


1 


A-IROM »cWrir-4 


TabteUng 










{HL)-f«0« fl(t«Ml3.o 













34 



CMA 
RAL 



H3*-0 
H2.0^D2.0 



Load H register with 
immediate data 



D2 Dl Do 28-2F 



LHLI data 


H3.I-O 
H0-D4 
L-D3-0 


Load HL register 
pair with immedi- 
ate data 


1 


1 





D4 


D3 


D2 


Dl 


Do 


CO-DF 


1 


1 


String 


Store 


ST 


(HL)-A 


Store A to Memory 





1 





1 





1 


1 


1 


57 


1 


1 




STil data 


(HL)-D3.0 
L-^L + 1 


data and 
increment L 





1 








D3 


D2 


Dl 


Do 


40-4F 


1 


1 




Exchange 


XADR addr 


A«(D6.0) 


Exchange A with 
RAM 







D6 


1 

D5 


1 
D4 


1 
D3 



D2 



Dl 


1 
Do 


39 
00-5F 


2 


2 




XAH 


A«H 


Exchange A with H 





1 


1 


1 


1 





1 





7A 


1 


1 




XAL 


A«L 


Exchange A with L 





1 


1 


1 


1 





1 


1 


7B 


1 


1 




XAMrp 


A-(rp) 

rp = HL-,HL + ,HL 

if rp = HL-, skip if borrow 

if rp = HL + , skip If overflow 


Exchange A with 
Memory, Possible 
Skip 





1 





1 





1 


Dl 


Do 


54-56 


1 


1+S 


or "rp" in symbol 
definitions 


XHDR addr 


H«(D6.0) 


Exchange H with 
directly addressed 
RAM 







D6 


1 

D5 


1 
D4 


1 
D3 



D2 


1 
Dl 



DO 


3A 
00-5F 


2 


2 




XLDR addr 


L«(D6.0) 


Exchange L with 
directly addressed 
RAM 







D6 


1 
D5 


1 
D4 


1 
D3 



D2 


1 
D1 


1 
Do 


3B 
00-SF 


2 


2 




Ai'lthmetle 


ACSC 


A, C«-A±(HL) + C 
skip if carry 


Add with carry; 
skip if carry 





1 


1 


1 


1 


1 








7C 


1 


1+S 


Carry = 1 


AISC data 


A«-A + D3.0 
skip If overflow 


skip if overflow 














D3 


D2 


Dl 


Do 


00-OF 


1 


1+S 


Overflow 


ASC 


A*-A + (HL) 
skip If overflow 


Add memory; skip 
If overflow 





1 


1 


1 


1 


1 





1 


7C 


1 


1+S 


Carry = 1 


Logical 


ANL 


A*-A AND (HL) 


AND Accumulator 




1 






1 
1 


1 
1 


1 



1 



1 
1 


1 



3F 
B2 


2 


2 




EXL 


A-A XOR (HL) 


Exclusive-Or 
Accumulator and 
Memory 





1 


1 


1 


1 


1 


1 





7E 


1 


1 




ORL 


A-A OR (HL) 


OR Accumulator 
and Memory 




1 






1 
1 


1 
1 


1 



1 
1 


1 
1 


1 




3F 
86 


2 


2 




Accumulator 



A*-NOT A 



Complement 
Accumulator 



C-^Aa 
A3-A2 

Aa*"Ai 

At-Ao 

C*-Ao 
Ao'^Ai 
Ai*-A2 
A2*-A3 
A3-^C (old) 



Rotate 

Accumutator left 
through Carry 



Rotate 

Accumulator right 
through Carry 



3F 
87 



3F 
83 



Program Status Word 


RC 


c-o 


Reset Carry 


1111 











78 1 1 


SC 


C-1 


Set Carry 


1111 








1 


79 1 1 
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MPD7500 SERIES 



Instruction Set "B" (Cont.) 

For the ^PD7500, piPD7501, and ^(PD7506 devices only 





Function 








Instruction Code 






Bytes 


Cycles 


Skip Condition 


07 


D6 05 


04 


03 


02 


01 


DO 


HEX 


Incfsnittnt ■nd Dttcrsinsnt 


DDRS addr 


(D6.0)-(D6.0)-1 
skip if (D6.0) = FH 


sitip if borrow 






1 
D6 D5 


1 
D4 


1 

D3 


1 
D2 



Dl 



Do 


3C 
00-5F 


2 


2 + S 


(D6-0) = FH . 


DLS 


L-L - 1 
sl(ip If L = FH 


Decrement L; sicip 
if borrow 





1 


1 


1 











58 


1 


1+S 


L = FH 


IDRS addr 


(D6.0)-(D6.0) + 1 
sl<ip if (D6.0) = OH 


Increment directly 
addressed; skip if 






1 
D6 D5 


1 
D4 


1 
D3 


1 
02 



Dl 


1 
DO 


3D 
00-5F 


2 


2 + S 


(De-o) = OH 


ILS 


L-L + 1 
sitlp if L = OH 


Increment L; skip if 
overflow 





1 


1 


1 








1 


59 


1 


1+S 


L = OH 


Bit Manipulation 


RMB bit 


(HL)bit*-0 

bit = B1.0 (0-3) 


Reset Memory bit 





1 1 





1 





Bl 


BO 


68-6B 


1 


1 




SMB bit 


(HL)bit-1 

bit = B1.0 (0-3) 


Set Memory bit 





1 1 





1 


1 


B1 


Bo 


6C-6F 


1 


1 




Brancli 



(SP-1)-PC7.4 

(SP-2)*-PC3.0 

(SP-3)-PSW 

(SP-4)-PCi0-8 

SP-SP-4 

BANK*-0 

PCio.O^Dio.o 



Call subroutine 



1 1 D10 Dg 

D7 Dg Ds D4 D3 D2 Di 



D8 30-37 
Do 00-FF 




(SP-1)*-PC7.4 
(SP-2)-PC3-0 
(SP-3)'-PSW 
(SP-4)-PClO-8 
BANK«-0 
PCiO-0^ 
001D4D3000D2D^Do 



Call short to 
CAL address 
subrountine 



D4 D3 D2 Dl Do EO-FF 



JAM data 


PCi 0-8-^02-0 

PC7.4-A 

PC3-0-(HL) 


Vectored Jump on 
Accumulator and 










1 



1 
1 


1 



1 

02 


1 
Dl 


1 

Do 


3F 
10-17 


2 


2 


JCP addr 


PC5.0*-D5-0 


Jump within 
current page 


1 





D5 


D4 


D3 


02 


Dl 


00 


80.BF 


1 


1 


JMP addr 


PCiO-O-^DiO-O 


Jump to specified 
address 




D7 




D6 


1 
D5 



D4 



D3 


D10 
02 


09 
Dl 


08 
Do 


20-27 
00-FF 


2 


2 


M^l0§m 


»A«KHNa 


Jtini|»iofi$«» 


ft 



9 


* 


1 



i 


.1 
{HO 


1 


1 
Oft 

00 


m4¥ 


^ . . 


f: ' ■■•■'-, 



PCi0-8-(SP) 
BANK-(SP + 1) 
PC3-0*-(SP + 2) 
PC7.4*-(SP + 3) 
SP-SP + 4 



PCiO-8*-(SP) 
BANK<-(SP + 1) 
PC3-OMSP + 2) 
PC7,4HSP + 3) 
SP'-SP + 4 
Skip unconditionally 



Return from 
Subroutine; then 
skip next 
Instruction 



1+S Unconditional 



Steele 


TAMSP 


SP7-4-A 

SP3-1*-(HL)3-1 

SPO'-O 


Transfer Accumu- 
lator and Memory 
to Stack Pointer 










1 
1 


1 
1 


1 




1 



1 



1 
1 


3F 
31 


2 


2 




TSPAM 


^«y3.*-SP3-1 




« 
« 





1 
1 


1 
1 


1 


i 
1 


t 


1 

1 


3S 


2 


2 




Conditional Skip 


SKABT bit 


Skip if Abit = 1 
bit « Bi .0(0-3) 


Skip if Accumulator 
bit true 





1 


1 


1 







Bl 


Bo 


74-77 


1 


1+S 


Abit = 1 


SKAEI data 


Skip if A = D3-O 


equals immediate 
data 








1 
1 


1 




1 
03 


02 


1 
Dl 


1 

oo 


3F 
60-6F 


2 


2 + S 


A = 03-0 


SKAEM 


Skip if A = (HL) 


Skip If Accumulator 
equals Memory 










1 


1 




1 


1 


5F 


1 


1+S 


A = (HL) 


SKC 


Skip if C s 1 


Skip if Carry 










1 


1 




1 





5A 


1 


1+S 


C = 1 


SKLEI data 


Skip if L » D3.0 


Skip if L equals 








1 




1 
1 


1 
03 


02 


1 
01 



00 


3E 
50-5F 


2 


2 + S 


L = D3-0 


SKMBF bit 


Skip if (HDbIt = 
bit = Bi.o(0-3) 


Skip if Memory 







1 










Bl 


Bo 




1 


1+S 


(HDbIt = 


SKMBT bit 


Skip if (HDbIt = 1 
bit = Bl.o(0-3) 


Skip If Memory 
bit true 







1 










Bl 


Bo 


64-67 


1 


1+S 


(HL)blt = 1 


SKMEI 


Sl#»(Hi)»634, 


$icipitM«mory 

4M9 








1 

1 


1 
1 


1 


0^ 


1 
01 


t 


3f!^ 


i 


a^« 


mi) » f»a^ 



3-33 



mPdtsoo series 



Instruction Set "B" (Cont.) 

For the yiPD7500, yiPD7501, and yiPD7506 devices only 



Mnemonic 


Function 


Description 






Ir 


istruction Code 






Bytes 


Cycles Skip Condition 


07 


D6 


D5 D 


• D3 


D2 


Dl 


Do 


HEX 


Timer/Event Counter 


TAMMOD 


TMR7.4-A 
TMR3.0*-(HL) 


Transfer 

Accumulator and 
Memory to Timer 












1 
1 


1 
1 




1 
1 


3F 
3F 


2 


2 


TCNTAM 
(except MPD7506) 


A-TCR7.4 
(HL)-TCR3.0 


Transfer Timer 
Count Register to 
Accumulator and 
Memory 












1 
1 


1 





1 
1 


3F 
3B 


2 


2 


TIMER 


TCR7.o'-0 
IRFj-O 


Clear Timer 
Counter Register 












1 



1 






1 



3F 
32 


2 


2 


interrupts 


SKI data 


Skip If IRFn AND D3-0 <> 
IRFn^lRFn AND NOT D3.0 


Skip If Interrupt 
Request Flag is true 








1 


1 1 



1 



1 

D2 


1 
Dl 


1 

Do 


3F 
40-47 


2 


2 + S IRFn = 1 


Serial interface 


SIO 

(except MPD7506) 


SIOCR*-0 
«RFo/S*-0 


Start Serial I/O 
Operation 










1 1 
1 1 


1 




1 



1 
1 


1 
1 


3F 
33 


2 


2 


TAMSIO 
(except MPD7506) 


SIO7.4-A 
SIOs-oHHL) 


Transfer Accumu- 
lator and Memory 
to SIO Shift Register 










1 1 

1 1 


1 

1 


1 
1 


1 
1 


1 



3F 
3E 


2 


2 


TSIOAM 
(except MPD7506) 


A-SIO7.4 
HL-SIO3.O 


Transfer SIO Shift 
Register to 
Accumulator and 
Memory 










1 1 
1 1 


1 
1 


1 



1 
1 


1 




3F 
3A 


2 


2 


Paraiiel i/O 


IP port 


A*-P(P3.0) 


Input from port, 
immediate address 




1 




1 


1 1 




1 

P3 


1 

P2 


1 
Pi 


1^ 

PO 


3F 
CO-CF 


2 




IP1 


A*-(1) 


Input from Port 1 





1 


1 1 











1 


71 


1 




IP54 


A-P(5) 
(HL)-P(4) 


Input Byte from 
Ports 5 and 4 










1 1 
1 1 


1 

1 




1 



1 




3F 
38 


2 




IPL 


A-P(L) 


Input from Port 
specified by L 





1 


1 1 













70 


1 




OP port 


P(P3-0)-A 


Output to port, 
immediate address 




1 




1 


1 1 

1 


1 

P3 


P2 


1 

P1 


1 

PO 


3F 
EO-EF 


2 




0P3 

(except MPD7506) 


P(3)*-A 


Output to Port 3 





1 


1 1 







1 


1 


73 


1 




OP54 


P(5)-A 
P(4)-(HL) 


Output Byte to 
Ports 5 and 4 










1 1 
1 1 


1 
1 




1 




1 




3F 
3C 


2 




OPL 

RPBL 

SPBL 


P(L)-A 

CL3-2) bit (tl-0>*-0 
f/PD82C43 f/0 Expancier Port 
__(t3-2)bftJLH)*-.1 


Output to port 
specified by L 
Beset Port au 
%^c)fiect by L 
Set Port Bit 
Specified by L 







1 1 1 
i ' 1 

' 1 1 
CPU Control 




1 
1 


.__, 


1 
0" 







72 
5C 
5d' 


1 
1 
t 


_ _ 


HALT 




Enter HALT Mode 










1 1 
1 1 


1 






1 
1 


1 



3F 
36 


2 




NOP 




No operation 






















00 


1 




STOP 




Enter STOP Mode 










1 1 
1 1 


1 






1 

1 


1 
1 


3F 
37 


2 





Development Tools 

For software development, editing, debugging, and 
assembly into object code, the NDS Development 
System, designed and manufactured by NEC 
Electronics U.S.A., Inc., is available. Additionally, for 
systems supporting either the ISIS-II ( ©Intel Corp.), 
CP/M (©Digital Research Corp.) operating systems, or 
Fortran IV ANSI 1966 V3.9, the ASM75 Cross- 
Assembler is available. 

Once software development is complete, the code can 
be completely evaluated and debugged with hardware 
by the Evakit-7500 Evaluation Board. Available options 
include the Evakit-7500-LCD LCD driver board (for the 
MPD7501, iuPD7502, and ^PD7503), Evakit-7500-VFD 
Vacuum Fluorescent Display driver board (for the 
p(PD7508A and mPD7519), and the Evaklt-7500-RTT 
Real Time Tracer. The SE-7502 System Emulation 
Board will emulate complete functionality of the 



jL(PD7501, ^PD7502, or /iPD7503 for demonstrating your 
final system design. The SE-7508 System Emulation 
Board will emulate complete functionality of the 
/iPD7506, ^PD7507, mPD7507S, mPD7508, or ;iPD7508A 
for demonstrating your final system design. All of these 
boards take advantage of the capabilities of the 
/uPD7500 Rom-less evaluation chip to perform their 
tasks. 

Complete operation details on any /iPD7500 Series 
CMOS 4-Bit Microcomputer can be found in the 
/14PD7500 Series CMOS 4-Bit Microcomputer Technical 
Manual. 
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Description 

The |iPD7501 is a CMOS 4-bit single chip microcom- 
puter which has the ^PD750x architecture. 

The fiPD7501 contains a 1024 x 8-blt ROM, and a 96 x 
4-blt RAM. 

The |iPD7501 contains two 4-blt general purpose 
registers located outside RAM. The subroutine stack is 
implemented In RAM for greater nesting depth and flex- 
ibility, providing such operations as the pushing and 
popping of register values. The mPD7501 typically exe- 
cutes 63 Instructions of the |^PD7500 series "B" 
Instruction set with a IOjlis instruction cycle time. 

The /4PD7501 has two external and two internal edge- 
triggered testable interrupts. It also contains an 8-blt 
timer/event counter and an 8-bit serial Interface to help 
reduce software requirements. The on-board LCD con- 
troller/driver supervises all of the timing required by the 
24 Port S segment drivers and the 4 Port COM back- 
plane drivers, for either a 12-digit 7-segment quadrl- 
plexed LCD, or an 8-digit 7-segment triplexed LCD. 
The fiPD7501 provides 24 I/O lines organized Into the 
4-bit input/serial interface Port 0, the 4-bit input Port 1 , 
the 4-blt output Port 3, and the 4-bit I/O Ports 4, 5, and 
6. It Is manufactured with a low power consumption 
CMOS process, allowing the use of a single power sup- 
ply between 2.7V and 5.5V. Current consumption is 
less than 900yiA maximum, and can be lowered much 
further In the HALT and STOP power-down modes. The 
f4PD7501 is available In a space-saving 64-pin flat 
plastic package. 

The jLtPD7501 is upward compatible with the fiPD7502 
and the jl(PD7503. 



MPD7501 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER WITH LCD 

CONTROLLER/DRIVER 



Pin identification 



No connection. 



2-4, 64 P33-P3o 



4-bit latched tri-state output Port 3 (active liigh). 



PO3/SI 



4-bit input Port 0/serial I/O interface (active liigli). 



PO2/SO This port can be configured either as a parallel input port, 

POi/§CK ^i" '^^ ^^® ^''''^ serial I/O Interface, Under control of the 

on /iMT serial mode select register. The Serial Input SI (active 

pOq/int^ ^^^^^^^ 3^^,31 output SO (active low), and the Serial Clock 

SCK (active low) used for synchronizing data transfer, 
comprise the 8-bit serial I/O interface. Line POq is always 
shared with external interrupt INTi- 



P63-P60 



4-bit input/latched tri-state output Port 6 (active high). 
Individual lines can be configured either as inputs or as 
outputs under control of the Port 6 mode select register. 



12-15 P53-P50 
Tirii P43-P40 
20,21 X2, Xi 



4-blt input/latched tri-state output Port 5 (active high). Can 
also perform 8-bit parallel i/O in conjunction with Port 4. 
4-blt input/latched tri-state output Port 4 (active high). Can 
also perform 8-bit parallel i/O in conjunction with Port 5. 
Crystal clock/external event input Port X (active high). A 
crystal oscillator circuit is connected to input Xi and out- 
put X2 for crystal clock operation. Alternatively, external 
event pulses are connected to input X-f while output X2 Is 
left open for external event counting. 




vss 



Ground. 



VLCD3. 
VlCDi 



26, 58 Vdd 



COM3-COM0 



LCD bias voltage supply inputs to LCD voltage controller. 
Apply appropriate voltages from a voltage ladder con- 
nected across Vqq. 

Power supply positive. Apply single voltage ranging from 
2.7V to 5.5V for proper operation. 
LCD backplane driver outputs. 



S23-S0 



LCD segment driver outputs. 



56 RESET RESET input (active high). R/C circuit or pulse initializes 

|iPD7501 after power-up. 

57, 59 CL^, CL2 System clock Input (active high). Connect 82kQ resistor 

across CL-j and CL2. and connect 33pF capacitor from 
CLi to VgS' Alternatively, an external clock source may 
be connected to CL-j, whereas CL2 is left open. 



PI3-PI0 
(PIq/INTq) 



4-bit input Port 1 (active high). Line PIq is also shared 
with external interrupt INTg. 



Pin Configuration 



I 40 39 38 37 36 35 34 33 



O MPD7501 O 

O 



S 6 7 8 9 10 11 12 13 14 15 16 17 18 






Absolute Maximum Ratings* 



Ta = 25«C 


Operating Temperature 


-10*»Cto+70«»C 


Storage Temperature 


-65«Cto -i-150«C 


Power Supply Voltage, Vdd 


-0.3V to +7.0V 


All Input and Output Voltages 


- 0.3V to Vdd+ 0.3V 


Output-Current (Total, All Output Ports) 


IQH = ~20mA 
lOL = 30mA 



* Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 
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jkPDTSOI 

Block Diagram 



P02/S0 



Count 

Clock 

Generator 



Clock 
Control 
Circuit 



LCDCL 



Timer/Event 
Counter 



PO0/INT1 INTq/PIo 



Test 
Controller 



INTs 



Serial I/O 
Interface 



TT^t^i 



H 



10-Blt Program Counter 



Program Memory 
1024 X 8-Blt ROM (mPDTSOI) 



r )' 



System 

Clock 

Generator 



TT 



CLi CL2 



Standby 
Control 



ALU 



H 



A (4) 



General Registers 



Instruction 
Decoder 



H(4) I L(4) 



Stack Pointer (7) 



P 



Data Memory 
96 X 4-B» RAM (mPD7501) 



o 



LCD Controller/Driver 



RESET VdD VsS VlCDi- S0-S23 COM0-COM3 

VLCD2. 
VLCD3 



Port 
Buffer 



I^J. 



PO0-PO3 



Port 
Buffer 



, A 



'^ 



^ K Port 4 /I K 

Vg ^ Buffer y--/ 



-^ Port 3 

J Latch 

-y Buffer 



^ 



P40-P43 



A \ Port 5 

[ ] Latch 

\j — ^ Buffer 



C^ 



^A 



Port 6 
. J Latch 

VV Buffer 



Ci) 



P60-P63 
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DC Characteristics 

Ta = -10<>Cto +70<>C,Vdd = 2.7V to 5.5V 



fiPDTSOl 





Symbol 




Limn* 




Unit 


Test Conditions 






Mln 


Tjfp 


Mmx 






V,H, 


0.7 Vdd 




Vdd 


V 


All Inputs Other than CL^, X^ 




Input Voltage High 


V,Hj 


VdD-0.5 




Vdd 


CL1.X1 






''ihdr 


"•'"DDoR 




VdDdr + 0.2 


RESET, Data Retention Mode 




Input Voltage Low 


V,L, 







3 Vdd 


V 


All Inputs Other than CLi, X^ 




V,Lj 







0.5 


CL1.X1 




Input Leakage Current High 


;u„, 






3 


mA 


All Inputs Other than CL^, X., 
CL1.X1 


V| = Vdd 


■u„. 






10 




Input Leakage Current Low 


'LlL, 






-3 


mA 


All Inputs Other than CL^, X-, 
CL1.X1 


V| = ov 


'Ul2 






-10 




Output Voltage High 


VOH 


Vdd - 10 






V 


Vdd = 5V ± 10%, IqH = -lOmA 




Vdd - 0-5 






Vdd = 2-7V to 5.5V, Iqh = -100 mA 




Output Voltage Low 


Vol 






0.4 


V 


Vdd = 5V ± 10%, Iql = le mA 








0.5 


Vdd= 2.7V to 5.5V, Iql = 400 mA 




Output Leakage Current High 


"-Oh 






3 


mA 


Vo = Vdd 




Output Leakage Current Low 


IlOl 






-3 


mA 


Vq = 0V 





•^COM 



COMo to COM3, 2.7V < Vlcd < Vdd 



Output Impedance 



Vdd = 5V ± 10% 

Vdd = 2.7V to 5.5V 



So to S23, 2.7V < Vlcd < ^dd 



Vdd = sv ± 10% 

Vdd = 2.7V to 5.5' 




Supply Voltage 



Vddd 



Data Retention Mode 



'DDi 



Normal Operation 



Vdd = 5V ± 10% 



Supply Current 



'DD2 





Vdd = 3v ± 10% 


Stop Mode, Xi = OV 


Vdd = 5V ± 10% 
Vdd = 3v ± 10% 



'DDdr 



Data Retention Mode 



VdDdr = 2.0V 



AC Characteristics 

Ta = -10«Cto +70«C, Vdd = 2.7V to 5.5V 






Limit* 




Unit 




Parameter Symbol 


Mfn 


Typ 


Max 


Test Conditions 



tec 



CLi,CL2 
R/C Clock 



R = 82 kfi ± 2% 
C = 33 pF ± 5% 



Vdd = 5V ± 10% 



System Clock Oscillation Frequency 



R = 160 kQ ± 2% Vdd = 3V ± 10% 
C = 33 pF ± 5% 



Vdd = 2.7V to 5.5V 



CL^, External Clock 



Vdd = 5V ± 10% 
Vdd = 2.7V to 5.5V 



System Clock Rise and Fall Times 


tCR. tCF 






0.2 


MS 


CL^, External Clock 




System Clock Pulse Width 


tcH' tCL 


1.5 




50 


MS 


CL-| , External Clock 


Vdd = 5V ± 10% 


3.5 




50 


Vdd = 2-7V to 5.5V 




fxx 


25 


32 


50 


KHz 


X^,X2 Crystal Oscillator 






fx 







300 


X.,, External Pulse Input 


Vdd = 5v ± 10% 









135 


Vdd = 2.7V to 5.5V 


Counter Clock Rise and Fall Times 


tXR> *XF 






0.2 


MS 


X^, External Pulse Input 




Counter Clock Pulse Width 


tXH-tXL 


1.5 






MS 


X^, External Pulse Input 


Vdd = 5v ± 10% 


3.5 






Vdd = 2.7V to 5.5V 



SCR Cycle Time 



^KCY 



SCK is an input 



Vdd = 5V ± 10% 
Vdd = 2.7V to 5.5V 



SCK is an output 



Vdd = 5V ± 10% 

Vdd = 2.7V to 5.5V 



Vdd = 5v ± 10% 

Vdd = 2.7V to 5.5V 



SCK Pulse Width 



tKH'^KL 



SCK is an input 



SCK is an output 



Vdd = 5v ± 10% 

Vdd = 2.7V to 5.5V 



SI Setup Time to SCKt 


tSIK 


300 




ns 






SI Hold Time after SCKt 


^KSi 


450 




ns 






SO Delay Time after SCKi 


^KSO 




850 


ns 


Vdd = 5V ± 10% 






1200 


Vdd = 2.7V to 5.5V 




INTq Pulse Width 


*IOH'V 


10 




MS 






INT^ Pulse Width 


*I1H'*'1L 


'"♦ 




MS 






RESET Pulse Width 


tRSH'*RSL 


10 




MS 






RESET Setup Time 


tSRS 







ns 






RESET Hold Time 


*HRS 







ns 
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^PD7501 



Ta = 250C, Ydd = 


ov 










symbol 


Umnt 


' Unit 


Teat 




Mfn Typ Max 






C| 


15 


PF 


f = 1 MHz 


OMtput Capacitance 


Co 


15 


pF 




Input/Output Capacitance 


C|/0 


15 


pF 


returned to Vs5 



Timing Waveforms 

Clocks 



tCF — 



tXF-- 



^. 



tCL- 



L- *CH- 



J 



tXR — 



- V,t,H 

- V^ 



- V^H 
-V,j,L 




External Interrupts 

INTO 



^ 



— V|H 

— V,L 



X 



/ 



— V|H 

— V|L 



Reset 



\ 



tRSi 



/ 



*RSh 



v 



— V|H 
_— V|L 



Data Retention Mode 

VDD 



"^^SRS"* \ 



# 



-Data Retention Mode- 



'JhrsH 



3-38 



- v,H 



Operating Characteristics 

Typical, Ta = 25«C 



/iPD7501 



Supply Current 
Supply Voltage (Note ) 



1 CL1 CL2 1 








R Ic 
J= 33pF 






y 






R = 82kQ 


^ y^ 








R = 160kQ 
















^^ 











Supply Current 

vs 

Supply Voltage (Note (2)) 



20 
10 










/ 








^ 


/ 


5 


1 


1 


-^ 










/ 


/ 


1 X, X2 1 






Xtali"^ 


2 








Cli |C2 
















R1 = 330kQ 










Ci = 20pF 


- 






C2 
Xtal 


= 30pF 

= 32.768KHZ 




Supply Voltage VdD (V) 



Supply Voltage Vdd (V) 



Supply Current 









System Clock Oscillation Frequency 
(Note ®) 






1 CL2 CL1 1 


Vdd = 5 ov 








250 


Z/. 














^-y^ 


C 










200 

1 


1 


r 






C = 39pF 






C = lOOpF C = 56pF 


/^'^ 


^ 


g 




/ 


y 


/-^^^ 


,^.-^-^= 2 


pF 


1- 

o 

100 
50 




/ 


y^^ 


^^.'-'^''^^ 






4 


^ 



































Supply Current 

vs 

System Clock Oscillation Frequency 

(Note ®) 



1 CL2 CL1 1 












■ c 


Vdd = 3 ov 


































C = 


100 pF 

c = 


»p^_f 


= 39pF 
^0^27 


jf 




^==^ 











100 200 300 400 500 

Oscillation Frequency !<), (KHz) 



100 200 300 400 500 

Oscillation Frequency f^ (KHz) 



Notes: 

(D Only R/C system clock is operating and consuming power. All other internal logic blocks are not active. 
^ Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active. 
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iuPD7501 

Operating Characteristics (Cent.) 
Typical, Ta = 25 «C 



System Clock Oscillation Frequency 









1 CL2 CL1 1 




\ 




R 

C = 33pF : : 
ir 






\ 


VdD = 5V 










VDD = 3V 


\ 




Ui 











50 100 200 

Resistance R (K ohms) 



System Clock Oscillation Frequency 

vs 

Supply Voltage 





1 CL2 CL1 1 












R 

T = 33pF 






















R = 82kQ 














R = 160kQ 

































Supply Voltage Vdd (V) 



Recommencled R and C Values for tlie 
System Ciocic Osciiiator Circuit 



T- = -10- +70°C 





Recommended Values 
R C 


Frequency Range 


Uin Typ Max 


Min 


Typ 


Max 


4.5V < Vdd < 6V 


82kfi ± 2% 


33pF ± 5% 
(idC/X| < 60 ppm) 


150 




250 


2.7V < Vdd < 6V 


leOkfl ± 2% 


33pF ± 5% 

(|dC/°C| < 60 ppm) 


75 




135 


Vdd = 3v ± 10% 


160kO ± 2% 


33pF ± 5% 

(|dC/°C| < 60 ppm) 


75 




120 


2.5V < Vdd < 6V 


240kn ± 2% 


33pF ± 5% 

(|dC/°C| < 60 ppm) 


50 




85 


2.5V < Vdd < 3-3V 


240kfi ± 2% 


33pF ± 5% 

(|dC/°C| < 60 ppm) 


50 




80 



Pacicage Outlines 

For information, see Pacicage Outline Section 7. 

Plastic Miniflat, fjiPD7501G 
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MPD7502 

fiPD7503 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTERS WITH LCD 

CONTROLLER/DRIVER 



Description 

The fiPD7502 and the fiPD7503 are pin-compatible 
CMOS 4-bit single chip microcomputers which have the 
same iLtPD750x architecture. 

The /iPD7502 contains a 2048 x 8-blt ROM, and a 128 x 
4-bit RAM. The |LiPD7503 contains a 4096 x 8-bit ROM, 
and a 224 x 4-bit RAM. 

Both the fiPD7502 and the ^PD7503 contain four 4-bit 
general purpose registers located outside RAM. The 
subroutine stack is implemented in RAM for greater 
nesting depth and flexibility, providing such operations 
as the pushing and popping of register values. The 
MPD7502 and the jLiPD7503 typically execute 92 instruc- 
tions of the /iPD7500 series "A" instruction set with a 
lO^s instruction cycle time. 

The ^PD7502 and the mPD7503 have two external and 
two internal edge-triggered hardware vectored Inter- 
rupts. They also contain an 8-bit timer/event counter 
and an 8-bit serial interface to help reduce software 
requirements. The on-board LCD controller/driver 
supervises all of the timing required by the 24 Port S 
segment drivers and the 4 Port COM backplane drivers, 
for either a 12-digit 7-segment quadriplexed LCD, or an 
8-digit 7-segment triplexed LCD. 
Both the /iPD7502 and the /iPD7503 provide 23 I/O 
lines, organized into the 3-bit input/serial interface 
Port 0, the 4-bit input Port 1, the 4-bit output Port 3, 
and the 4-bit I/O Ports 4, 5, and 6. They are manufac- 
tured with a low power consumption CMOS process, 
allowing the use of a single power supply between 2.7V 
and 5.5V. Current consumption is less than 900mA max- 
imum, and can be lowered much further in the HALT 
and STOP power-down modes. The jLtPD7502 and the 
|LtPD7503 are available in a space-saving 64-pin flat 
plastic package. 

The jL(PD7502 is downward compatible with the 
/iPD7501 . 

Pin Configuration 



Pin Names 



49 48 47 46 45 44 43 42 



„ ,iPD7502 

^ Q f^PD7503 Q 

60 
61 
6. O 




2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 1! 

liU iiillHill 






Symbol 



NC 



No connection. 



2-4, 64 P33-P30 



4-bit latched tristate output Port 3 (active liigh). 



POa/Si 



3-bit input Port 0/serial I/O interface (active high) 



PO2/SO 
PO1/SCK 



8-11 P63-P60 



12-15 P53-P50 
16-19 P43-P40 



20, 21 X2, Xi 



VSS 



This port can be configured either as a parallel input port, 
or as the 8-bit serial I/O Interface, under control of the serial 
mode select register. The Serial Input SI (active high). Serial 
Output SO (active high), and the Serial Clock SCK (active 
low) used for synchronizing data transfer, comprise the 8-bit 
serial I/O interface 

4-bit input/latched tristate output Port 6 (active high). Indi- 
vidual lines can be configured either as inputs or as outputs 

under control of the Port 6 mode select register 

4-bit input/iatched tristate output Port 5 (active high). Can 
also perform 8-bit parallel I/O in conjunction with Port 4. 
4-bit input/iatched tristate output Port 4 (active high). Can 
also perform 8-bit parallel I/O in conjunction with Port 5 
Crystal ciocit/external event input Port X (active high). A 
crystal oscillator circuit is connected to Input X.| and output 
X2 for crystal clocit operation. Alternatively, external event 
pulsed are connected to input X-j while output X2 is left 
open for external event counting. 
Ground 




VLCD3' VtCDg- 
VlCDi 



LCD bias voltage supply inputs to LCD voltage controller. 
Apply appropriate voltages from a voltage ladder connected 
across Vqq. 



26, 58 Vdd 



Power supply positive Apply single voltage ranging from 
2.7V to 5 5V for proper operation.. 



27-30 COM3-COiVlo LCD backplane driver outputs. 



31-54 S23-S0 



LCD segment driver outputs. 



External Interrupt INT1 (active high). This is a rising edge- 
triggered interrupt 



RESET input (active high). R/C circuit or pulse initializes 
^PD7502 or ^PD7503 after power-up. 



57,59 CLi,CL2 



PI3-PI0 
(PIq/INTq) 



System clock input (active high). Connect 82kQ resistor 
across CL-| and CL2, and connect 33pF capacitor from CLf 
to Vss- Alternatively, an external clock source may be con- 
nected to CLi, whereas CL2 is left open. 
4-bit input Port 1 (active high). Line PIq is also shared with 
external interrupt INTg, which is a rising edge-triggered 
interrupt. 



Absoiute Maximum Ratings* 



Ta = 25»C 


Operating Temperature 


-10'Cto +70*C 


Storage Temperature 


-es'cto+iso^c 


Power Supply Voltage, Vqd 


-0.3V to +7.0V 


All Input and Output Voltages 


-O.aVtoVoD +0.3V 


Output-Current (Total, All Output Ports) 


'oh = -20mA 
IQL = 30mA 



* Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not Implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 
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^pD7502/7503 

Block Diagram 



P01/SCK P03/SI 

PO2/SO 



1NT1 into/ pi J, 



Count 

Clock 

Generator 



Clock 
Control 
Circuit 



FT 



Timer/Event 
Counter 



INTt 



Interrupt 
Control 



INTs 



Serial I/O 
Interface 



ir ^r ^T 



n 



Program Counter 
11-Bit (mPD7502) 
12-Bit (mPD7503) 



Program Memory 
2048 X 8-Bit ROIM (mPD7502) 
4096 X 8-Bit ROIM (mPO7503) 



i_l 



System 

Clock 

Generator 



Standby 
Control 



CLi CL2 




H 



A- 
V 

A- 
V 



A- 
V 



PO0-PO3 



Port 
Buffer 



A -J PI 0/1 

Jr yl 1 PI 0-1 



PIO/INTo 
■PI3 



General Registers 



^ 



Instruction 
Decoder 



E(4) 



Stack Pointer 



Data IMemory 
128 X 4-Bit RAIM (mPD7502) 
224 X 4-Bit RAIW (mPD7503) 



o 
o 



LCD Controller/Driver 



■' I t 1^^ JJ- 



aa" 



RESET Vdd 



VLCDi- S0-S23 COM0-COM3 

VLCD2. 

VLCD3 



Port 3 
Latch 
Buffer 



\j — ^/ Buffer \j / 



Port 5 
Latch 
Buffer 



Port 6 
Latch 
Buffer 



P30-P33 



Ta = 250c, Vdd 


= OV 










Symbol 


UmiUs 


Unit 


Test 


Parameter 


MIn Typ Max 


Input Capacitance 


C| 


15 


PF 


f = 1 MHz, 


Output Capacitance 


Co 


15 


PF 


Unmeasured pins 


Input/Output Capacitance 


c,/o 


15 


pF 


returned, to Vgg 
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DC Characteristics 

Ta = -10»Cto +70«C, Vdd 



2.7 to 5.5V 



MPD7502/7503 



Symbol 



Test Condnions 



V,Hi 



0.7 Vdd 



Vdd 



All Inputs Other than CL^, Xf 



Input Voltage High 



VlHo 



Vdd -0.5 



Vdd 



CLi.Xi 





^IHdr 


0.9VDDDP 


Vdddr+o-2 




RESET, Data Retention Mode 








V,L, 





0.3 Vdd 


V 


All Inputs Other than CL^, X^ 






Input Voltage Low 


V,Lj 





0.5 


CLi,Xi 






Input Leakage Current High 


'Uh, 




3 


mA 


All Inputs Other than CLi,Xi 
CL1.X1 




vi = Vdd 


ILIH, 




10 






'uu 




-3 


mA 


All Inputs Other than CL^, X^ 
CLi,Xi 




V| =0V 


ILIL2 




-10| 




Output Voltage High 


VOH 


Vdd - 10 




V 


Vdd = 5v ± 10%, loH = - 


.0 mA 




Vdd - 0.5 




Vdd = 2.7V to 5.5V, IQH = - 


100 mA 






Vol 




0.4 


V 


Vdd = 5V ± 10%, lOL = 1.6 mA 








0.5 


Vdd = 2.7V to 5.5V, lOL = 400 mA 




Output Leakage Current High 


iLOH 




3 


mA 


VO = VDD 






Output Leakage Current Low 


•lol 




-3 


mA 


vo = ov 







"com 



COMo to COM3, 2.7V < Vlcd< Vdd 



Output Impedance 



Vdd = 2.7V to 5.5V 



Rs 



So to S23, 2.7V < Vlcd < Vdd 



Vdd = 5V ± 10% 

Vdd = 2.7V to 5.5V 




Supply Voltage 



VDDn 



Data Retention Mode 



Vdd = 5V ± 10% 

Vdd = 3v ± 10% 



■dd^ 



Normal Operation 



Supply Current 



>DD2 



Stop Mode, X^ = OV 



Vdd = 5V ± 10% 

Vdd = 3V ± 10% 



'DDdr 


0.4 


10 




Data Retention Mode 


Vdddr = 2.0V 


AC Characteristics 

Ta = -10'Cto +70<>C,VdD = 2.7V to 5.5V 






Umfts 




Unit 






Mfn 


TVP 


Max 





System Clock Oscillation Frequency 



R = 82 kQ ± 2% 
C s 33 pF ± 5% 



Vdd = 5V ± 10% 



CL^,CL2 R = leOkQ ± 2% 
kHz R/C aock C = 33 pF ± 5% 



Vdd = 3V ± 10% 

Vdd = 2.7V to 5.5V 



Vdd = 5V ± 10% 





■c 


10 




135 




^' 


Vdd = 2.7V to 5.5V 


System Clock Rise and Fail Times 


tCR.tCF 






0.2 


MS 


CLi, External aock 




System aock Pulse Width 


tCH.tCL, 


1.5 




50 


MS 


CLi, External aock 


Vdd = 5v ± 10% 


3.5 




50 


Vdd = 2.7V to 5.5V 




'xx 


25 


32 


50 


kHz 


Xi,X2 Crystal Oscillator 






'x 







300 


Xi, External Pulse Input 


Vdd = 5v ± 10% 









135 


Vdd = 2.7V to 5.5V 


Counter Qock Rise and Fall Times 


txr.txf 






0.2 


MS 


Xi, External Pulse Input 




Counter aock Pulse Width 


tXH.tXL 


1.5 






MS 


Xi, External Pulse input 


Vdd = 5v ± 10% 


3.5 






Vdd = 2.7V to 5.5V 



SCK Cycle Time 



*KCY 



SCK Is an input 



Vdd = 5V ± 10% 
Vdd = 2.7V to 5.5V 



SCK is an output 



Vdd = 5V ± 10% 

Vdd = 2.7V to 5.5V 



SCK Pulse Width 



*KH'tKL 



SCK is an input 



Vdd = 5v 1 10% 

Vdd = 2.7v to 5.5V 



SCK is an output 



Vdd = 5V ± 10% 

Vdd = 2.7V to 5.5V 



SI Setup Time to SCKt 


tsiK 


300 




ns 




Si Hold Time after SCKt 


tKSI 


450 




ns 






*KSO 




850 


ns 


Vdd = 5V ± 10% 






1200 


Vdd = 2.7V to 5.5V 


INTq Pulse Width 


*«OH'»iOL 


10 




MS 




INT1 Pulse Width 


»'1H'»I1L 


"H 




MS 




RESET Pulse Width 


tRSH-tRSL 


10 




MS 
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MPD7502/7503 

Timing Waveforms 



Clocks 



tcf — 



txf — 



tCL- 



*CR -*- 



J 



tXL 



tXR — 



tCH 



*XH 









Serial Interface 



\ 



- *KCY- 



-*SJK- 



*KH 



Valid 
Input Data 



J 



— ^KSO-^ 



X 



Valid Output Data 



A. 



X 



- VjH 

- V|L 



— V|H 
~— V|L 



~ V|H 

-— VjL 



External Interrupts 

INTO 



"^. 



/ 



*'0H 



V|H 

-^ V|L 



■^. 



/ 



«llH - 



v 



— V|H 

— ViL 



Reset 



-tRSi 



/ 



tRSH 



V 



— V|H 
_— V|L 



Data Retention Mode 

vdd 



-K-tSRS — 



J 



-Data Retention Mode- 



-*HRS^ 



_V|H 
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Operating Characteristics 

Typical, Ta = 25«C 

Supply Current 

vs 

Supply Voltage (Note ) 



/iiPD7502/7503 



1 CL, CL2 1 








R Ic 
T= 33pF 






/ 






R = 82kQ 


/ y 






y 

y 


R = 160kQ 
















u 











^10 



S 5 



Supply Current 

vs 

Supply Voltage (Note (2) ) 











/ 








/ 


/ 






/ 


/ 






/ 


/ 


1 X1 X2 1 


3! 

ci i i C2 

R1 = 330kQ 
Ci = 20pF 








r 






C2 
Xtal 


= 30pF 

= 32.768KHZ 




Supply Voltage Vqd (V) 



Supply Voltage Vdd (V) 



Supply Current 









System Clock Oscillation Frequency 
(Note ®) 






1 CL2 CL1 1 


VDD = 5.0V 








250 


^ 














^^ 


:C 










200 


1 








C = 39pF 






C = lOOpF C = 56pF 


y ^ 


-^ 


§ 




/ 


y^ 


^-^ 


,^^= 2- 


PF 


1 150 
3 




/ , 


-<^ 










/ y. 


^^ 








1 

3 


/. 


^ 


^^ 








100 
50 







































100 200 300 400 500 

Oscillation Frequency f<ji (KHz) 



Supply Current 

vs 

System Clock Oscillation Frequency 

(Note ®) 



_ 200 

1 



1 CL2 CL1 1 










1 


c 


Vdd = 3.0V 


































C = 


100 pF 

c = 


iSp^ 


^39pF 


jF 


^ 


^=^ 









100 200 300 400 500 

Oscillation Frequency f<)> (KHz) 



Notes: 



Only R/C system clock is operating and consuming power. All other internal logic blocks are not active, 
d) Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not ad 
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Operating Characteristics (Cent.) 

Typical, Ta = 25<>C 



System Clock Oscillation Frequency 









1 CL2 CLi 1 








R 

C = 33pF ^ 
m 






VDD = 5V 










VDD = 3V 


\ 




U^ 1 











50 100 200 

Resistance R (K ohms) 



System Clock Oscillation Frequency 

vs 

Supply Voltage 





1 CL2 CLi 1 












R 

^^Ic 

T = 33pF 












X 200 










R = 82kQ 




LL 

1 










R = 160kQ 




s ^°° 




'-^ 

























Supply Voltage Vqd (V) 



Paclcage Outlines 

For information, see Paclcage Outline Section 7. 

Plastic Miniflat, ^PD7502G/03G 
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NEC 



|L(PD7506 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER 



Description 

The jLtPD7506 is a CMOS 4-bit single chip microcom- 
puter wliich has the |iiPD750x architecture. 

The /iPD7506 contains a 1024 x 8-bit ROM, and a 64 x 
4-bit RAM. 

The /iPD7506 contains two 4-bit general purpose 
registers located outside RAM. The subroutine stack is 
implemented in RAM for greater nesting depth and flex- 
ibility, providing such operations as the pushing and 
popping of register values. The jl(PD7506 typically ex- 
ecutes 58 instructions of the jLtPD7500 series "B" in- 
struction set with a lO/Lts instruction cycle time. 
The jL(PD7506 has one external and one internal edge- 
triggered testable interrupts. It also contains an 8-bit 
timer/event counter to help reduce software 
requirements. 

The fiPD7506 provides 22 I/O lines, organized into the 
2-bit input Port 0, the 4-bit output Port 2, and the 4-bit 
I/O Ports 1 , 4, 5, and 6. It is manufactured with a low 
power consumption CMOS process, allowing the use of 
a single power supply between 2.7V and 5.5V. Current 
consumption is less than 600^A maximum, and can be 
lowered much further in the HALT and STOP power- 
down modes. The ;iPD7506 is available either In a 
28-pin dual-in-line plastic package, or in a space-saving 
52-pin flat plastic package. 

The jLtPD7506 is upward compatible with the /iPD7507 
and the hPD7507S. 

Pin Configuration 



Pin Configuration (Cont.) 



PO3/X1 c 
pVPstbC 

P2i/PtOUT C 
P22C 
P23C 



NCC 
NCC 



zx za. >z>o. 



39 38 37 36 35 34 33 32 31 30 29 28 27 



MPD7506G 



O 



7 8 9 10 11 12 13 




ZZj^z^zqW-J-zz 







(Top View) 






P43 C 


1 


^ 


28 


I] vss 


X2[Z 


2 




27 


H P42 


PO3/X1 Q 


3 




26 


Z] P41 


P20/PSfB (Z 


4 




25 


Zl P40 


P21/PT0UT d 


5 




24 


U POo/INTo 


P22[Z 


6 


mPD 

7506C 


23 


Z P53 


P23 C 


7 


22 


Z P52 


P6O c 


8 




21 


Z P51 


P61 c 


9 




20 


Z P50 


P62 [Z 


10 




19 


Z P13 


P63 d 


11 




18 


Z P12 


CL1 C 


12 




17 


Z Pii 


CL2 C 


13 




16 


Z Pio 


vdd C 


14 




15 


Z RESET 


Pin Names 


28-Pin 52.Pin 






DIP Flat Symbol 




Function 


1,25-27 24,29,30,34 P4o-P43 










junction with Port 5. 




36,41 



X2,P03/ X^ Crystal clock/external event Input Port X (active 
high). A crystal oscillator circuit is connected to 
input Xi and output X2 for crystal clock opera- 
tion. Alternatively, external event pulses are 
connected to input X-| while output X2 is left 
open for external event counting. Line Xi Is 
always shared with Port input P03. 



P20-P23 

P2o/PsfB 

P2i/Pt, 



4-bit latched tristate output Port 2 (active high). 
Line P2q is also shared with PsfB> *^^ P*^*^ ** 
output strobe pulse (active low). Line P2i is 
OUT also shared with Ptqut' ***® t'mer-out F/F 
signal (active high). 



8-11 47-50 P60-P63 4-blt input/latched tristate output Port 6 (active 

high), individual lines can be configured either 
as inputs or as outputs under control of the Port 

6 mode select register. 

12, 13 3, 5 CL^, CL2 System clock input (active high). Connect 120kQ 

resistor across CLi and CL2. Alternatively, an 
external clock source may be connected to CL^ , 
whereas CL2 is left open. 



Power supply positive. Apply single voltage 
ranging from 2.7V to 5.5V for proper operation. 



RESET input (active high). R/C circuit or pulse 
initializes ijPD7S07 or mPD7508 after power-up. 



16-19 9-11,16 PI0-PI3 4-bit input/tristate output Port 1 (active high). 

Data output to Port 1 is strobed in synchroniza- 
tion with a P2o/PsTB Pu's^- 

20-23 16-18, 21 P5o-P53 4-blt input/latched tristate output Port 5 (active 

high). Can also perform 8-bit parallel I/O in con- 
junction with Port 4. 

24,3 23,41 POq/INTq 2-blt input Port (active high). Line POq is 

PO3/X1 always shared with external Interrupt INTq 

(active high). Line PO3 is always shared with 
crystal clock/external event input Xf (active 
high). 



31 



Vss 



Ground. 



Rev/2_ 
3-47 



1.2,4,6 

12-15, 19, 20, 
25-28, 32, 
35, 37-40, 46, 
51,52 



No connection. 



/^PD7506 

Block Diagram 



PO3/X1 / X2 



POq/INTo 



Count 

Clock 

Generator 



Clock 
Control 
Circuit 



Timer/Event 
Counter 



Interrupt 
Controller 



^p L^touT i^^^ 



n 



10-Blt Program Counter 



Program Memory 
1024 X 8-Bit ROM (mPD7506) 



im X Ai 



"V 

ALU 



General Registers 



=0 



Instruction 
Decoder 



H (4) I L (4) 



Stack Pointer (6) 



o 



Data Memory 
64 X 4-Blt RAM (mPD7506) 



l^A. 



System 

Clock 

Generator 



Standby 
Control 



t t t 

RESET VdD Vss 



O 



W 



\ — ^ Buffer \yj / 



A-N 






Porto 
Buffer 



Port 1 
Buffer 



Port, 2 
Latch 
Buffer 



Port 5 
i J Latch 

\^ — j/ Buffer 



PO0-PO3 



b 



^ 



P20/PSTB, 
P2i/PTouT 



P40-P43 



(•> 



Porte 
Latch 
Buffer 



t) 



P60-P63 



Absolute lAaxImum Ratings* 



Ta s 25«C 


Operating Temperature 


-IO^Cto+70'C 


Storage Temperature > 65 <»C to + 1 50 °C 


Power Supply Voltage, Vdd 


-0.3V to +7.0V 


All Input and Output Voltages 


- 0.3V to Vdd + 0.3V 


Output-Current (Total, All Output Ports) 


Iqh = -20mA 
lOL = 32mA 



* Comment: iStress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 



Capacitance 

Ta s 25*C, Vdd - OV 






UmH9 


Unit 






Test 
Conditions 



Input Capacitance 



Output Capacitance 



Co 



Unmeasured pins 
returned to Vgg ° 



input/Output 
Capacitance 



C|/0 
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DC Characteristics 

Ta s -10«Cto +70«C,Vdd 



2.7V to 5.5V 



fiPD7506 



Typ 



T«st 



V|H 



0.7 Vdd 



Vdd 



All inputs Other than CLi, Xi 



Input Voltage High 



ViH, 



Vdd -0.5 



VoD 



CL1.X1 





^'Hdr 


O'VODOR 


VdDdr*0.2 






input Voltage Low 


V|L 





0.3 Vdd 


V 


Ail inputs other than CLi,Xi 


V,L2 





0.5 


CLi. Xi 


input Lealtage Current High 


•li„ 




3 


mA 


All Inputs Other than CL^, X^ V| = Vdd 


'LIHa 




10 


CL1.X1 


input Lealtage Current Low 


'u. 




-3 


mA 


All Inputs Other than CL^ , X, V, = OV 


'LiL2 




-10 


CLi, Xi 


Output Voltage High 


VOH 


Vdo - 1.0 




V 


Vdd ' 5V ± 10%, Iqh - -lOmA 


Vdd - 0.5 




Vdd * 2.7V to 5.5V, Iqh = -lOO^A 


Output Voltage Low 


Vol 




0.4 


V 


Vdd = 5V ± 10%, ioL = 1-6n»A 




0.5 


Vdd= 2.7V to 5.5V. Iql = 400^A 


Output Leakage Current High 


'loh 




3 


mA 


vo = Vdd 




'lol 




-3 


mA 


Vq = ov 


Supply Voltage 


"ooon 


2.0 




V 


Data Retention Mode 



'dDi 



Normal Operation 



Vdd = 5V t 10% . 

Vdd = 3V ± 10% 



Supply Current 



■DDj 



Stop Mode, Xi s OV 



Vdd = 5V 1 10% 
Vdd = 3V ± 10% 




'dddr 


0.3 


5 




Data Retention Mode ^DDdr "^ ^-^^ 


AC Characteristics 

T, s -lO'Cto +70«C,Vdd = 2.7V to 5.5V 






Umltt 






rflrSlflVlw* •jflllOOl 


MIn 


ryp 


Mm* 





System Ciocit Oscillation Frequency 



82 kQ ± 2% 



Vdd = 5v ± 10% 
CLi, CL2 n = 160 kQ ± 2% Vdd = av 1 10% 

Vdd = 2.7V to 5.5V 

Vdd = sv ± 10% 

CLi, External Clock — — — 

^ Vdd = 2.7V to 5.5V 



System aock Rise and Fall Times 


tCR,tCF 






0.2 


IJS 


CLi, External Clock 




System Ck)ck Pulse Width 


*CH.tCL 


1.5 




SO 


MS 


CLi, External aock 


Vdd = 5v ± 10% 


3.5 




50 


Vdd = 2.7V to 5.5V 




*xx 


25 


32 


50 


kHz 


Xi,X2 Crystal Oscillator 






♦x 







300 


Xi, External Pulse input 


Vdd = 5V ± 10% 









135 


Vdd = 2.7V to 5.5V 


Counter Clock Rise and Fail Times 


tXR,tXF 






0.2 


MS 


Xi, External Pulse Input 




Counter aock Pulse Width 


tXH.tXL 


1.5 






MS 


Xi, External Pulse Input 


Vdd = 5v ± 10% 


3.5 






Vdd = 2.7V to 5.5V 


Port 1 Output Setup Time to PsTBt 


tpST 


1/(21^-800) 
1/(2f^.2000) 






ns 


Vdd = 5V ± 10% 
Vdd » 2.7V to 5.5V 




Port 1 Output Hold Time after Psf st 


tSTP 


300 


350 


500 


ns 


Vdd = 5v ± 10% 

Vdd = 2.7V to 5.5V 




300 




1500 




Psfg Pulse Width 


tSWL 


1/(2f^-800) 
1/(21^-2000) 






ns 


Vdd * 5V ± 10% 




Vdd = 2.7V to 5.5V 




INTq Pulse Width 


%W %L 


10 






MS 






RESET Pulse Width 


tRSH.tRSL 


10 






MS 
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Timing Waveforms 

Clocks 



CLi- 



tcf- 



txf — 



^. 



tCL- 



tXL ■ 



tCR — 



J 



■ tCH • 



*XH 









Output Strobe 

PI0-PI3 



PSTB- 



- tpST - 



tsT, 



/ 



- »STP - 



■^ 



— V|H 
"— ViL 



— V|H 



External Interrupt 

INTO 



"1 



^«0L- 



F 



*«0H 



— V|H 

— V|L 



Reset 



t 



-*RSl 



/ 



-tRSu 



\ 



-V|H 
- V|L 



Data Retention Mode 

vdd 



— ^SRS— 



A 



-Data Retention Mode- 



\ 



*-tHRS*| 



-V,H 



3-50 



Operating Characteristics 
Typical, Ta = 25«C 



Supply Current 

vs 

Supply Voltage (Note ) 





1 CL1 CL2 1 










R 


? "° 






^ 




R = 120lcQ^ 


/ >^ 




Q 

9 






X 


y^ 




1 ^° 






'^ y 








/ 








>• 






^/^ 






1 




y 


R = 240kQ 






20 






















^/J 











^10 



Supply Current 

vs 

Supply Voltage (Note (2)) 



MPD7506 











/ 








/ 


/ 






/ 


/' 






/ 


/ 


1 X1 X2 1 


3 

4 I" 

Rl = 330kQ 
C1 = 20pF 








: 






C2 
Xtal 


= 30pF 

= 32.768KHZ 




Supply Voltage Vqd (V) 



Supply Voltage VpD (V) 



System Clock Oscillation Frequency 











1 CL2 CL1 


1 


X 

■^ 200 




\ 


\, 


R 








\ 


Vdd = 5V 




i =0 






Vdd = 3> 


X 




1 


U. 











System Clock Oscillation Frequency 

vs 

Supply Voltage 



50 100 200 

Resistance R (K ohms) 



LCL2 CL1 1 


















R 
























R = 82kQ 












R = leOkQ 





























\ 4 5 

Supply Voltage Vdd (V) 



Notes: 

0* Only R/C system clock is operating and consuming power. All other internal logic blocks are not active. 
(i) Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active. 

Package Outlines 

For information, see Package Outline Section 7. 



Plastic, |xPD7506C 
Plastic Miniflat, fjiPD7506G 
Plastic Shrinkdip, |xPD7506CT 
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3-52 



NEC 



MPD7507 

MPD7508 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTERS 



Description 

The fiPD7507 and the mPD7508 are pin-compatible 
CMOS 4-bit single chip microcomputers which have the 
same |iPD750x architecture. 

The MPD7507 contains a 2048 x 8-bit ROM, and a 128 x 
4-blt RAM. The mPD7508 contains a 4096 x 8-bit ROM, 
and a 224 x 4-bit RAM. 

Both the MPD7507 and the mPD7508 contain four 4-bit 
general purpose registers located outside RAM. The sub- 
routine stack is implemented in RAM for greater nesting 
depth and flexibility, providing such operations as the 
pushing and popping of register values. The fiPD7507 
and the mPD5708 typically execute 92 instructions of the 
jLiPD7500 series "A" instruction set with a 10^s Instruc- 
tion cycle time. 

The fiPD7507 and the fiPD7508 have two external and 
two internal edge-triggered hardware vectored interrupts. 
They also contain an 8-bit timer/event counter and an 
8-bit serial Interface to help reduce software requirements. 
Both the /iPD7507 and the fiPD7508 provide 32 I/O lines 
organized into the 4-bit input/serial Interface Port 0, the 
4-bit input Port 2, the 4-bit output Port 3, and the 4-bit I/O 
Ports 1 , 4, 5, 6, and 7. They are manufactured with a low 
power consumption CMOS process, allowing the use of a 
single power supply between 2.7V and 5.5V. Current con- 
sumption is less than 900^A maximum, and can be 
lowered much further in the HALT and STOP power-down 
modes. The ^907507 and the jLiPD7508 are available in 
either a 40-pin dual-in-line plastic package or in a space- 
saving 52-pin flat plastic package. 

The |iPD7507 is downward compatible with the ^PD7506 
and the jLiPD7507S. 

Pin Configuration 



X2C: 


1 


K^ 


40 


I]X1 


pVPstbC 


2 




39 


I3VSS 


P21/PToutC: 


3 




38 


ZIP43 


P22C 


4 




37 


I]P42 


P23C 


5 




36 


ZIP41 


Plod 


6 




35 


DP4o 


PUC 


7 




34 


bP53 


pi2c: 


8 




33 


bP52 


P13C 


9 




32 


bP5i 


P3oC 


10 


MPD7507C 


31 


PPSO 


paid 


11 


MPD7508C 


30 


DP63 


P32C 


12 




29 


bP62 


P33[I 


13 




28 


pP6l 


P70C 


14 




27 


PP60 


P7ic: 


15 




26 


□ PO3/SI 


P72C 


16 




25 


b PO2/SO 


P73C 


17 




24 


□ PO1/SCR: 


RESET C. 


18 




23 


P POq/INTo 


CLiC 


19 




22 


DlNTi 


vddC 


20 




21 


Pcua 



Q. a 0. Q. z 



D - in it o it o 

> X > Q. Z Q. Z 



NC 1 
P10 I 

P11 t 

P12 I 
PI3 ( 
NC ( 
P3o I 
P31 ( 
P32 t 
P33 t 
P7o t 
P7i [ 
P72 t 



39 38 37 36 35 34 33 32 31 30 29 28 27 

iO 26 

l^ 25 

.2 24 

3 23. 

4 22 

5 |iPD7507G 21 

6 fiPD7508G 20 



O 



9 10 11 12 13 



t P4i 
I P4o 
1 P53 

P52 

P51 

P5o 

P63 

P62 

P61 

P6o 

PO3/SI 

PO2/SO 

NC 




r- o |i£ O 



Pin identification 



40-Pln 52-Pln 
PIP Flat 



Symbol 



Function 



X2, Xf Crystal clock/external event input Port X (active 

high). A crystal oscillator circuit is connected to 
input X-j and output X2 for crystal ciocl( opera- 
tion. Alternatively, external event pulses are con- 
nected to input Xi while output X2 is left open 
for external event counting. 



P20-P23 

P2o/PsfB 

P2i/PTout 



4-bit latched tri-state output Port 2 (active high). 
Line P2o is also shared with PsfB> ^^^ ^^^ 1 
output strobe pulse (active low). Line P2-| is also 
shared with PTmiT' ^^^ timer-out F/F signal 
(active high). ""' 



PI0-PI3 4-bit input/tri-state output Port 1 (active high). 
Data output to Port 1 is strobed in synchroniza- 
tion with a P2o/PsfB pulse. 



10-13 46-49 
14-17 50-52, 2 



PSq-PSs 4-bit latched tri-state output Port 3 (active high)' 



P70-P73 



4-bit input/latched tri-state output Port 7 (active 
high). 



RESET input (active high). R/C circuit or pulse 
initializes mPD7507 or mPD7508 after power-up. 



19, 21 5, 9 CL^ , CL2 System clock input (active high). Connect 82kQ 

resistor across CL-| and CL2, and connect 33pF 
capacitor from CLi to Vss- Alternatively, an 
external clock source may be connected to CL^, 
whereas CL2 is left open. 



Vdd 



Power supply positive. Apply single voltage 
ranging from 2.7V to 5.5V for proper operation. 



INT^ 



External Interrupt INT^ (active high). This is a 
rising edge-triggered interrupt. 



23-26 


11,12 


POq/INTo 




15,16 


PO1/SCK 

PO2/SO 

PO3/SI 



4-bit input Port 0/Serial I/O interface (active high). 
This port can be configured either as a 4-bit 
parallel input pott, or as the 8-bit serial I/O inter- 
face, under control of the serial mode select 
register. The Serial Input SI (active high), Serial 
Output SO (active low), and the Serial aock SCK 
(active low) used for synchronizing data transfer 
comprise the 8-bit serial I/O interface. Line POq 
is always shared with external interrupt INTq 
(active high) which is a rising edge-triggered 
interrupt. 
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MPD7507/7508 

Pin Identification (Conti) 



Absolute Maximum Ratings* 



40-Pln 
DIP 


52-Pln 
Flat 


Symbol 


Function 


27-30 


17-20 


P60-P63 


high). Individual lines can be configured either 
as inputs or as outputs under control of the Port 
6 mode select register. 


31-34 


21-24 


P50-P53 


4-bit input/latched tri-state output Port 5 (active 
high). Can also perform O-bit parallel I/O in con- 
junction with Port 4. 


35-38 


25, 26, 
28,30 


P40-P43 


4-bit input/latched tri-state output Port 4 (active 
high). Can also perform 8-bit parallel I/O in con- 
junction with Port 5. 


39 


31 


vss 


Ground. 


~ 


1,4,6,8, 
13, 14, 27, 29, 
35, 40, 45 


NC 


No connection. 



Ta = 25«C 


Operating Temperature 


-lO^Cto +70**C 


Storage Temperature 


-65*Cto +150*C 


Power Supply Voltage, Vdd 


-0.3V to +7.0V 


All Input and Output Voltages 


- 0.3V to Vdd+ 0.3V 


Output-Current (Total, AH Output Ports) 


Iqh = -20mA 
lOL = 30mA 



* Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 



DC Characteristics 

Ta = -10«Cto +70<>C,Vdd = 2.7V to 5.5V 





Symbol 




Umlts 




Unit 


Test Condition 






Mfn 


Typ 


Mmx 


s 




VlH 


0.7 Vdd 




Vdd 


V 


All inputs Other than CL^, X^ 




Input Voltage High 


V1H2 


VdD-0.5 




Vdd 


CL1.X1 






V,HoB 


0.9VDODR 




VdDdr+0.2 


RESET, Data Retention Mode 




Input Voltage Low 


V|L 







0.3 Vdd 


V 


Ail Inputs Other than CL^, X^ 




^.L2 







0.5 


CLt.Xi 




Input Leakage Current High 


'Uh 






3 


mA - 


All Inputs Other than CL^, X^ 
CM.Xi 


V| = Vdd 


'LIH2 






10 






'Ul 






-3 


mA - 


All Inputs Other than CLi.X^ 
CLi, X, 


V| s ov 




iLILj 






-10 




Output Voltage High 


VOH 


Vdd - 10 






V 


Vdd = 5V ± 10%, Iqh = -10 mA 




Vdd - 0-5 






Vdd = 2.7V to 5.5V, Iqh = -100 mA 




Output Voltagd Low 


Vol 






0.4 


V 


Vdd = 5V ± 10%, Iql = is mA 








0.5 


Vdd= 2.7V to 5.5V, Iql = 400 mA 




Output Leakage Current High 


Iloh 






3 


mA 


Vqut = Vdd 




Output Leakage Current Low 


Ilol 






-3 


mA 


VoUT = OV 




Supply Voltage 


"dodr 


2.0 






V 







■dd^ 



Normal Operation 



Vdd = SV t 10% 

Vdd = 3v ± 10% 



Supply Current 



'dDo 



Stop Mode, Xi = OV 



Vdd = sv 1 10% 
Vdd = 3v ± 10% 



•dDdr 


0.4 


10 




Data Retention Mode 


VdDdr = 2°^ 


AC Characteristics 

Ta = -10'Cto +70«C,Vdd = 2.7V to 5.5V 






Umlta 




Unit 






Mfn 


Typ 


Mmx 


Tost Conditions 



System Clock Oscillation Frequency 



CL^, CL2 



R = 82ikQ ± 2% 
C = 33 pF ± 5% 



Vdd = 5V ± 10% 



R = 160 kQ ± 2% 
C s 33 pF ± 5% 



Vdd = 3v 1 10% 

Vdd = 2.7V to 5.5V 



CLi, External Clock 



Vdd = 5V ± 10% 

Vdd = 2.7V to 5.5V 



System Clock Rise and Fail Times 


tCR.tCF 






0.2 


MS 


CLi, External Clock 




System Clock Pulse Width 


tCH.tCL 


1.5 




50 


MS 


CLi, External Clock 


Vdd = 5V ± 10% 


3.5 




50 


Vdd = 2.7V to 5.5V 




'xx 


25 


32 


50 


KHz 


Xi,X2 Crystal Oscillator 






♦x 







300 


Xi, External Pulse Input 


Vdd = 5v ± 10% 









135 


Vdd = 2.7V to 5.5V 


Counter Clock Rise and Fail Times 


*XR'*XF 






0.2 


MS 


Xi, External Pulse Input 




Counter Clock Pulse Width 


*XH,tXL 


1.5 






MS 


Xi, External Pulse Input 


Vdd = 5v ± 10% 


3.5 






Vdd = 2.7V to 5.5V 
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AC Charaet*rlsties (Cont.) 



MPD7507/7508 



Typ 



Test CondKions 



SCK Cycl« Tim* 



*KCY 



SCK is an input 



VpD = 5V t 10% 



SCK is an output 



Vpo = 2-7V to 5.5V 
VpD = 5V t 10% 
Vqd = 2.7V to 5.5V 
Vqd = SV t 10% 
Vqo = 2.7v to 5.5V 



SCK Puiss Width 



^KH'tKL 



SCK is an Input 



SCK is an output 



VpD = 5V ± 10% 
Vqd = 2.7V to 5.5V 



SI Setup Time to SCR> 




tSIK 


300 






ns 




SI Hold Time after ?5Kt 




tKSI 


450 






ns 




SO Delay Time after SCKi 




tKSO 






850 


ns 


Vqd = 5V ± 10% 






1200 


Vdd = 2.7V to 5.5V 


Port 1 Output Setup Time to 


PffBt 


tpST 


1/(2f^.800) 






ns 


Vdd = 5V ± 10% 


1/(2f^-2000) 






Vqd = 2.7V to 5.5V 


Port 1 Output Hold Time after Pffgt 


tSTP 


300 


350 


500 


ns 


Vdd = 5v ± 10% 


300 




1500 


Vdd = 2.7V to 5.5V 


PSTB Pul«« Width 




*SWl 


f/(2f 1-800) 






ns 


Vdd= 5V ± 10% 


f/(2f^-2000) 






Vdd - 2-7V to 5.5V 


INTq Pulse Width 




*'0H'*IOL 


10 






MS 




INT^ Pulse Width 




«HWh'»IiWl 


2/f^ 






fiS 




RESET Pulse Width 




tRSH-*RSL 


10 






fiS 




RESET Setup Time 




tSRS 









ns 




RESET Hold Time 




<HRS 









ns 






Capacitance 



Ta = 25«C, Vdd = OV 










Umfts 


Unit 


Test 




Mfn Typ Max 


input Capacitance C, 


15 


PF 


f = 1 MHz 


Output Capacitance Cq 


15 


PF 




Input/Output Capacitance C|/o 


15 
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|L(PD7S07/7508 



Block Diagram 



Program Memory 

2048 X 8-Bit ROM (mPD7507) 
4096 X 8-Bit ROM (mPD7508) 



jir 



System 

Clocl< 

Generator 



Standby 
Control 



PO0PO3 




Instruction 
Decoder 



t t 



Data Memory 
128 X 4-Bit RAM hiPDlSO' 



224 X 4-Bit RAM 



(mPD7507) 
(MPD7508) 



o 



o 



"" vV '''^'''^ 



=) E ^) ^-- ^--0 






Ports 
>i Latch 
-/ Buffer 



Port 4 
Latch 
Buffer 



A-\ 



Port 5 
L J Latch 

\j — ^ Buffer 



M 

w 



^^ (a) 



^ 



Port 6 A — K 

Latch K 4 ) P6O-P63 

Buffer 



w 



/1_\ Port 7 AJV 

r ) Latch [ 4 > 

P^j-y Buffer yV 



RESET Vdd 



vss 
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Timing Waveforms 

Clocks 



CLi- 



XI- 



Serial Interface 

§CK 



tcf — 



txt — 



^. 



^. 



tCL 



-tXL- 



tKL- 



*CR^ 



J 



-^^ 



- tKCY - 



y 



- *SIK - 



tCH 



*XH 



^KH 



-<KSI —- 



Valid 
Input Data 



J 



— tKSO- 



X 



Valid Output Data 



MPD7507/7508 



\. 



\. 



X 



-V^H 



- V^H 
-V^L 



-V|H 
- ViL 



— V|H 
"— V|L 




-ViH 
-V|L 



Output Strobe 
PI5.PI3 



- *PST - 



-tsTL- 



/ 



-tsTP - 



> 



— V|H 
""— V|L 



— VjH 

— ViL 



External Interrupts 

INTO 



1 



tloL 



If 



-«IOH 



— V|H 

— V|L 



INT1- 



^. 



tllL 



1^^^^ 



— ViH 
V|L 



Reset 



\ 



*RSl 



/ 



\ 



-VlH 
-V|L 



Data Retention Mode 

vdd 



J 



-^\ 



-Data Retention Mode- 



--»HRS*| 
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.J|Hdr 



jL(PD7507/7508 

Operating Characteristics 
(Typicai, Ta s 25 ^C) 



Supply Current 

vs 

Supply Voltage (Note (?)) 



Supply Current 

vs 

Supply Voltage (Note 0) 



|CL, CL2I 








R ic 
J= 33pF 






y 






R = Vl\iiQ 


y y 








R = 160kQ 
















Prr 











20 

§ 

% 5 










/ 








/ 


/ 








/ 






/ 




1 XI X2 1 


2 


Xtaii"^ 

Ci:f ic2 

R1 = 330kQ 
Ci = 20pF 














C2 
Xtal 


= 30pF 

= 32.768KHZ 



Supply Voltage Vdd (V) 



Supply Voltage VdD (V) 



Supply Current 











System Clock Oscillation Frequency 






(N6te (1)) 




1 CL2 CL1 1 


Vdd = 5.0V 






















C 










_ 200 


» 








C = 39pF 






C = lOOpF C=56pF 


^' 


^ 


3. 






/ 


^x^ 






§ 




/ 




^.^^ 


^.-"^s 27 


PF 


1 150 

>> 

1 

100 




/ > 




^^^^'^^'^^ 






4 


^ 


.^^ 






- 


50 












- 



Supply Current 

vs 

System Clock Oscillation Frequency 

Note(l)) 



£ 150 
5 



1 CL2 CL1 1 










^ 

J 


C 


Vdd = 3.0V 


































C = 


100 pF 

c = 


;6p^ 


^39pF 
^cT27 


jF 




^==^ 











100 200 300 400 500 

Oscillation Frequency f<ji (KHz) 



100 200 300 400 500 

Oscillation Frequency f<|> (KHz) 



Notes: 

(D Only R/C system clock is operating and consuming power. All other internal logic blocks are not active. 
@ Only crystal oscillator clock is operating and consuming power. All other Internal logic blocks are not active. 
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Operating Characteristics (Cont.) 
(Typical, Ta s 25«C) 



System Clock Oscillation Frequency 




100 200 

Resistance R (K ohms) 



MPD7507/7508 



System Clock Oscillation Frequency 

vs 

Supply Voltage 





[CL2 CLi 1 










250 












R 


• = 33pF 














'■ 


J 200 


;d^ 
















-H 


R = 82kQ 














































« 










R = 160kQ 




1 "«' 






, 




— 
















50 





























3 4 5 

Supply Voltage Vqd (V) 




Package Outlines 

For information, see Pacicage Outline Section 7. 

Plastic, ^JlPD7507C/08C 

Plastic Miniflat, hlPD7507G/08G 

Plastic Shrinkdip, |xPD7507CU ^PD7508CU 
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SEC 



MPD7507S 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER 



Description 

The fiPD7507S is a CMOS 4-bit single chip microcom- 
puter which has the same ^PD750x architecture. 
The fiPD7507S contains a 2048 x 8-bit ROM, and a 128 
X 4-bit RAM. 

The fiPD7507S contains two 4-bit general purpose 
registers located outside RAM. The subroutine stack is 
implemented in RAM for greater nesting depth and flex- 
ibility, providing such operations as the pushing and 
popping of register values. The f^PD7507S typically exe- 
cutes 91 instructions of the fiPD7500 series "A" instruc- 
tion set with a lOfiS instruction cycle time. 
The jL(PD7507S has two external and two internal edge- 
triggered hardware vectored interrupts. It also contains 
an 8-bit timer/event counter and an 8-bit serial interface 
to help reduce software requirements. 
The MPD7507S provides 20 I/O lines organized into the 
4-bit input/serial interface Port 0, the 4-bit output Port 2, 
the 4-blt output Port 3, and the 4-bit I/O Ports 4 and 5. 
It is manufactured with a low power consumption 
CMOS process, allowing the use of a single power sup- 
ply between 2.7V and 5.5V. Current consumption is 
less than QOO^A maximum, and can be lowered much 
further in the HALT and STOP power-down modes. The 
^PD7507S is available in a 28-pin dual-in-line plastic 
package. 

The ^PD7507S is upward compatible with the |iPD7507, 
and downward compatible with the fiPD7506. 

Pin Configuration 



Pin Identification 



P43 


c 


1 


28 


3 


vss 


X1 


c 


2 


27 


J 


P42 


X2 


c 


3 


26 


3 


P4i 


P2o 


c 


4 


25 


3 


P4o 


P21/PT0UT C 


5 


24 


3 


P53 


P22 


c 


6 


23 


3 


P52 


P23 


c 


7 MPD7507S22 


3 


P5l 


P3o 


c 


8 


21 


3 


P50 


P31 


c 


9 


20 


3 


PO3/SI 


P32 


c 


10 


19 


3 


PO2/SO 


P33 


c 


11 


18 


3 


PO1/SCK 


RESET 


c 


12 


17 


3 


POo/INTo 


CL1 


c 


13 


16 


3 


INT1 


vdd 


c 


14 


15 


3 


CL2 



No. 



Symbol 



1, 25-27 P40-P43 

2, 3 X2, X^ 



P20-P23 
P2i/PTol 



4-blt input/latched tri-state output Port 4 (active high). Can also 
perform 8-blt parallel I/O In conjunction with Port 5. 

Crystal clock/external event input Port X (active high). A 
crystal oscillator circuit is connected to input Xi and output X2 
for crystal ciocit operation. Alternatively, external event pulses 
are connected to input Xi while output X2 is left open for 
external event counting. 

4-blt latched tri-state output Port 2 (active high). Line P2i is 
shared with Ptqut' **^® Mi^ef-out F/F s'g"*"' (active high). 



8-11 P30-P33 



4-blt latched tri-state output Port 3 (active high). 



RESET 



RESET input (active high). R/C circuit or pulse Initializes 
(iPD7507 or nPD7508 after power-up. 



13, 15 CLi, CL2 System clock input (active high). Connect 82kfi resistor 

across CL-i and CL2, and connect 33pF capacitor from CL-| to 
Vs3. Alternatively, an external clock source may be connected 
to CLi , whereas CL2 is left open. 

Power supply positive. Apply single voltage ranging from 2.7V 
to 5.5V for proper operation. 




Vdd 
INT1 

POq/INTq 
PO-i/SCK 

P02/SO 
P03/SI 



External Interrupt INT^ (active high). This is a rising edge- 
triggered interrupt. 

4-bit input Port O/serlal I/O interface (active high). This port 
can be configured either as a 4-bit parallel input port, or as the 
8-bit serial I/O interface, under control of the serial mode 
select register. The Serial Input SI (a ctive high), Serial Output 
SO (active low), and the Serial Clock SCK (active low) used for 
synchronizing data transfer comprise the 8-bit serial I/O inter- 
face. Line POg is always shiired with external interrupt INTg 
(active high) which Is a rising edge-triggered interrupt. 



21-24 P50-P53 4-bit Input/latched tri-state output Port 5 (active high). Can also 


28 Vss Ground. 


Absoiute Maximum Ratings* 


Ta = 25«C 


operating Temperature 


-10°Cto -h70°C 


Storage Temperature 


-es^cto -HSO'^C 


Power Supply Voltage, Vqd 


-0.3V to -I-7.0V 


All Input and Output Voltages 


-0.3V to Vdd +0.3V 


Output-Current (Total, All Output Ports) 


lOH = -17mA 
'OL = -34mA 



* Comment: Stress above those listed uiKJer "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 
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^PD7507S 

Block Diagram 



X1 X2 



pOi/spK POa/si 

P02/SO 

il 



I t 



Count 

Clock 

Generator 



Clock 
Control 
Circuit 



Timer/Event 
Counter 



INT1 into/ POa 



Interrupt 
Controller 



Serial 
Interface 



TT'-il O 



H 



11 -BIT Program Counter 



Program Memory 
2048 X 8-BIT ROM (mPD7507S) 



rji 



System 

Clock 

Generator 



Standby 
Control 



^^^^^ 



Instruction 
Decoder 



RESET VdD Vss 



H 



A (4) 



General Registers 



E(4) 



L(4) 



Stack Pointer (8) 



Data Memory 
128x4-BiT (mPD7507S) 






Porto 
Buffer 



POo-POg 



) Lat'^h 4 ) P20/P23 



/ — \ Port 4 /l \ 

. ) Latch . 4 \ 
\ — ^ Buffer \j / 



Porta 
Latch 
Buffer 



^ 



P30-P33 



W 



Ports 
Latch 
Buffer 



C^ 



P50-P53 
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fiPD7507S 



DC Characteristics 

Ta s ~10«Cto +70«C,Vdd = 2.7V to 5.5V 





Symbol 




Limits 




Unit 






Parani«t«r 


MIn 


Typ 


Max 






V|H 


0.7 Vdd 




Vdd 


V 


All Inputs other than CLi.Xi 




Input Voltage High 


V,H, 


VdD-0.5 




Vdd 


CLi,Xi 






^•Hdr 


°«^dddr 












V|L 







0.3 Vdd 


V 


All Inputs Other than CL^, X^ 






V,L2 







0.5 


CL1.X1 




input Leakage Current High 


'LiH 






3 


mA 


All Inputs Other than CL^, X.| 
CLi.Xi 


V| = Vdd 




VUH2 






10 






•ul 






-3 


mA 


All Inputs Other than CL^, X^ 
CL1.X1 


V| = ov 




Vlil, 






-10 




Output Voltage High 


VqH 


Vdd - 10 






V 


Vdd = 5V ± 10%, loH = -10mA 






Vdd - 0.5 






Vdd = 2.7V to 5.5V, Iqh = -100 mA 




Output Voltage Low 


Vol 






0.4 


V 


Vdd = 5v ± 10%, Iql « i.e mA 










0.5 


Vdd= 2.7V to 5.5V, Iq^ s 400 ptA 




Output Leakage Current High 


•lo„ 






3 


(^A 


Vq = Vdd 




Output Leakage Current Low 


'lol 






-3 


mA 


Vq = ov 




Supply Voltage 


^DDdr 


2.0 






V 


Data Retention Mode 





'dd^ 



Normal Operation 



Vdd = 5V t 10% 



Supply Current 



IDD9 





Vdd = 3v ± 10% 


stop Mode, Xi = OV 


Vdd = 5v ± 10% 
Vdd = 3v ± 10% 




'DDdr 



Data Retention Mode 



VdDdi 



AC Characteristics 

Ta s -10<»Cto +70«C, Vdd = 2.7V to 5.5V 



rw 



Test Conditlona 



tec 



System Clock Oscillation Frequency 



R = 82 kQ ± 2% 
CL1.CL2 C = 33pFt5% 
R/C Cteck R - 160 kQ ± 2% 



Vdd = 5v ± 10% 



Vdd = 3V ± 10% 

C = 33 pF ± 5% Vdd » 2.7V to 5.5V 



CL^, External Clock 



Vdd "^ 5v 1 10% 

Vdd = 2.7V to 5.5V 



System Clock Rise and Fall Times 


tCR'tCF 






0.2 


^IB 


CL^, External Clock 




System Clock Pulse Width 


tCH.tcL 


1.1 




50 


MS 


CLi, External Clock 


Vdd = 5V ± 10% 


3.5 




50 


Vdd = 2.7V to 5.5V 




♦xx 


20 


32 


50 


KHz 


Xi,X2 Crystal Oscillator 






♦x 







300 


Xv External Pulse Input 


Vdd = 5V ± 10% 









135 


Vdd = 2.7V to 5.5V 


Counter Clock Rise and Fall Times 


txR.txF 






0.2 


MS 


X^, External Pulse Input 




Counter Clock Pulse Width 


txH.txL 


1.5 






MS 


Xi, External Pulse Input 


Vdd = 5V ± 10% 


3.5 






Vdd = 2.7V to 5.5V 



SCK Cycle Time 



tKCY 



SCK is an input 



Vdd = 5V ± 10% 
Vdd = 2.7V to 5.5V 



SCK is an output 



Vdd = 5v ± 10% 

Vdd = 2.7V to 5.5V 



SCK Pulse Width 



*KH» »KL 



SCK is an input 



Vdd = 5v ± 10% 



2.7V to 5.5V 







*••' 






SCK is an output 


•DD - *" I '"^ 




6.5 




Vdd = 2.7V to 5.5V 


SI Setup Time to SCiTt 


tSIK 


300 




ns 






Si Hold Time after SCKt 


tKSI 


450 




ns 






SO Delay Time after SCK4 


*KSO 




850 


ns 


Vdd = 5v ± 10% 






1200 


Vdd = 2.7V to 5.5V 




INTq Pulse Width 


*«OH'*iOL 


10 




M« 






INT1 Pulse Width 


*«1H'*llL 


2/fc 




MS 






RESET Pulse Width 


tRSH.tRSi. 


10 




MS 






RESET Setup Time 


tSRS 







ns 






RESET Hold Time 


tHRS 







ns 
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fiPD7507S 

Capacitance 

Ta s 2S«C, Vdp = OV 





Symbol 


Umlt» 


Untt 


T«st 




mn lyp M«> 


CMKlltlons 


Input Capacitance 


C| 


15 


pF 


f » 1 i«IH« 


Output Capacitance 


Co 


15 


pF 




input/Output Capacitance 


C|/0 


15 


PF 


returned to V^s 



nmlng Wavafforms 

Clocks 



»cF-*- 



\ 



txF — 



^. 



tCL- 



»CR-^ 



J 



tXL- 



3^ 



*CH - 



*xH - 









Serial Interface 




External Interrupts 

INTO ~" — 



I 



tlOL 



]f 



tlOH 



— V|H 

— ViL 



■^. 



«i1L 



/ 



<I1H 



- V|H 
-VIL 



^. 



.t«SL 



/ 



«RSh 



\ 



-V|H 
-ViL 



Data Retention Mode 

VDD 



;f 



•-^RS-V 



-Data Retention Mode- 



^ 
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_ V|H 



Operating Characteristics 
(Typical, Ta s 25 «C) 



fiPD7507S 



Supply Current 

V8 

Supply Voltage (Note 0) 



t 50 



1 CLi CL2 1 








R ic 
J= 33pF 




y 


y 
y 




_>i 


fl = 82kQ . 








y^ 
y" 


R =: leOkQ 
















tJ 











Supply Current 

vs 

Supply Voltage (Note 0) 



20 

f 

% 5 










/ 








/ 


/ 






/ 


/ 






/ 


/ 


1 XI X2 1 




Xtali"^ 

cii ic2 

m *- 
Rl =: 330kQ 
Ci = 20pF 










1. 






C2 
Xt.1 


= 30pF 

s 32.768 KHz 




2 3 4 5 

Supply Voltage Vdd (V) 



Supply Voltage Vdd (V) 



Supply Current 









(Note 0) 






1 CL2 CLi 1 


Vdd = 5.0V 








250 

§ 

1 150 
100 
50 




r 


;C 






C = 39pF 






C = 

A 


100pF c 


= 56pF 


.^"^^ 2 




<i 


^ 


1^^ 

































Supply Current 

vs 

System Clock Oscillation Frequency 

(Note ©) 





1 CL2 CLi 1 










250 


1 


c 


Vdd = 3.0V 








150 
100 
50 




























C = 


100 pF 

c = 


>6pfJ 


^39pF 

— ""C^i 


>F 


^ 


^==^ 











100 200 300 400 500 

Oscillation Frequency \^ (KHz) 



100 200 300 400 500 

Oscillation Frequency f^ (KHz) 



Notes: 

Only R/C system clock is operating and consuming power. All other internal logic blocks are not active. 
® Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active. 
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MPD7507S 

Operating Characteristics (Cent.) 
(Typical, Ta = 25«C) 



System Clock Oscillation Frequency 









1 CL2 CL1 1 




\ 




R 
C = 33pF : : 








Vdd = 5V 

V 










Vdd = 3V 


\ 




U, 











100 200 

Resistance R (K ohms) 



System Clock Oscillation Frequency 

vs 

Supply Voltage 





1 CL2 CLi 1 










250 












R 


.C 


















■ 


■ = 33pF 










^ 200 

51 


X 
















■^ 


R = 82kQ 


















c 

1 150 


























c 
o 














(5 










R = 160kQ 




^ 100 










— 
















50 



























3 4 5 

Supply Voltage Vdd (V) 



Pacicage Outlines 

For information, see Pacicage Outline Section 7. 

Plastic, |xPD7507SC 

Plastic Shrinkdip, |xPD7507SCT 
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7507DS-REV1-7-83-CAT 



NEC 



MPD7508A 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER WITH VACUUM 

FLUORESCENT DISPLAY DRIVE 

CAPABILITY 



Description 

The p(PD7508A is a CMOS 4-bit single chip microcom- 
puter which has the ^PD750x architecture. It is Identical 
to the ;iPD7508, except for a slightly smaller RAM, and 
16 lines of vacuum fluorescent display drive capability. 
The |iPD7508A contains a 4096 x 8-bit ROM, and a 208 
X 4-bit RAM. 

The /iPD7508A contains four 4-bit general purpose 
registers located outside RAM. The subroutine stiack Is 
implemented In RAM for greater nesting depth and flex- 
ibility, providing such operations as the pushing and 
popping of register values. The jliPD7508A typically ex- 
ecutes 92 instructions of the jLtPD7500 series "A" In- 
struction set with a 10/iS instruction cycle time. 
The ^PD7508A has two external and two Internal edge- 
triggered hardware vectored Interrupts. It also contains 
an 8-bit timer/event counter and an 8-bit serial Interface 
to help reduce software requirements. 

The fiPD7508A provides 32 I/O lines organized into the 
4-bit Input/serial interface Port 0, the 4-blt output Port 2, 
the 4-blt output Port 3, and the 4-bit I/O Ports 1, 4, 5, 6, 
and 7. Ports 3, 4, 5, and 6 are capable of being pulled 
to - 35V In order to drive vacuum fluorescent displays 
directly. It is manufactured with a low power consump- 
tion CMOS process, allowing the use of a single power 
supply between 2.7V and 5.5V. Current consumption Is 
less than 900fiA maximum, and can be lowered much 
further in the HALT and STOP power-down modes. The 
^PD7508A is available In a 40-pin dual-in-line plastic 
package. 

Pin Configuration 



Pin Names 



22 



Function 



1,40 X2, X^ 



Crystal clock external event Input Port X (active high). A crystal 
oscillator circuit is connected to input X'f and output X2 for 
crystal clock operation. Alternatively, external event pulses are 
connected to input X^ while output X2 is left open for external 

event counting. 

P2o-P23 4-bit latched tristate output Port 2 (active high). Line P2o is 

PZnPcTR ^'^'^ shared with PsfB' ^^^ '*'"^ ** output strobe pulse (active 

low). Line P2-| is also shared with PiniiT' *^* f'""®'' 0"* F'F 
^^v'^Tqut signal (active high). ~" 



6-9 PI0-PI3 

10-13 P3o-P33 



4-bit input/tristate output Port 1 (active high). Data output to 
Port 1 is strobed in synchronization with a P2o/P§fB pulse. 
4-blt latched tristate output Port 3 (activis high). 



14-17 P7o-P73 



4-blt input/latched tristate output Port 7 (active high). 



RESET 



19, 21 CL^, CL2 



Vdd 



INTi 



23-26 POq/INTq 
PO1/SCK 
POj/SO 
PO3/SI 



27-30 P60-P63 



31-34 PSq-PSs 
35-38 P4o-P43 



RESET input (active high). R/C circuit or pulse initializes 

mPD7507 or /iPD7508 after power-up. 

System clock input (active high). Connect 82kQ resistor across 
CL-i and CL2, and connect 33 pF capacitor front CL^ to Vs3. 
Alternatively, an external clock source may be connected to 
CL^, whereas CL2 is left open. 

Power supply positive. Apply single voltage ranging from 2.7V 
to 5.5V for proper operation. 

External Interrupt INT1 (active high). This is a rising edge- 
triggered interrupt. 

4-bit input Port 0/serial I/O interface (active high). This port can 
be configured either as a 4-bit parallel input port, or as the 8-bit 
serial I/O interface, under control of the serial mode select 
register. The Serial Input SI (acti ve hig h), Serial Output SO 
(active low), and the Serial Clock SCK (active low) used for syn- 
chronizing data transfer comprise the 8-blt serial I/O Interface. 
Line POq Is always shared with external Interrupt INTg (active 
high) which is a rising edge-triggered interrupt. 
4-bit input/latched tristate output Port 6 (active high). Individual 
lines can be configured either as inputs or as outputs under 

control of the Port 6 mode select register. 

4-bit input/latched tristate output Port 5 (active high). Can also 
perform 8-bit parallel I/O conjunction with Port 4. 
4-bit input/latched tristate output Port 4 (active high). Can also 
perform 8-bit parallel I/O in conjunction with Port 5. 




vss 



X2C 


1 


^ 40 


1 


Xl 


P20/PSTB C 


2 


39 


J 


VSS 


P21/PT0UT C 


3 


38 


3 


P43 


P22C 


4 


37 


3 


P42 


P23C 


5 


36 


3 


P41 


P10 C 


6 


35 


3 


P40 


PI1C 


7 


34 


3 


P53 


PI2C 


8 


33 


3 


P52 


PI3C 


9 


32 


3 


P5l 


P30 C 

P3lC 


10 
11 


MPD7508A 3^ 


3 
3 


P50 
P63 


P32C 


12 


29 


3 


P62 


P33 C 


13 


28 


3 


P61 


P70 C 


14 


27 


3 


P60 


P7lC 


15 


26 


3 


PO3/SI 


P72 C 


16 


25 


3 


PO2/SO 


P73 C 


17 


24 


3 


POi/SCR 


RESET C 


18 


23 


J POo/INTo 


CL1 C 


19 


22 


3 


INT1 


VDD C 


20 


21 


3 


CL2 



Absolute lAaxImum Ratings* 



25«C 



Operating Temperature 



-lOXto +70«C 



Storage Temperature 



-65»Cto+150«C 



Power Supply Voltage, Vqd 



-0.3V to +7.0V 



Input Voltages, Ports 4, 5, and 6 (Vpp ~ 40.0)V to (Vpp + 0.3)V 



All Other Input Ports 



- 0.3V to Vpp + 0.3V 



Output Voltages, Ports 3, 4, 5, and 6 (Vpp - 40.0)Vto(Vpp + 0.3)V 



All Other Output Ports 



- 0.3V to Vpp + 0.3V 



Output-Current (Totdl, All Output Ports) 



•oh ' 



-150mA 



IqL = 50mA 



* Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 

Rev/2 device reliability. 
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MPD7508A 

Block Diagram 



P01/SCK P03/S, 

PO2/SO 

.1 



LA 



INT1 into/ POq 



Count 

Clock 

Generator 



Clock 
Control 
Circuit 



tQL 



u 



Program Counter 



Program Memory 
4096 X 8-Bit ROM (mPD7508A) 



£_i: 



System 

Clock 

Generator 



Standby 
Control 



Timer/Event 
Counter 



Interrupt 
Controller 



Serial I/O 
Interface 



Tf^^rrr ^x 



Port 
Buffer 



:^i 



PO0-PO3 



v) - CO ''" 



CLi CL2 




P20/PSTB, 
P2i/PT0UT 



P40-P43 



VV ^""^' w 



RESET Vdd 
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DC Characteristics 

Ta = -10<»Cto -I-TOOC, Vdd = 2.7V to 5.5V 



f^PD7508A 



Parameter 



Test Conditions 



Input Voltage High 



V|H 



0.7 Vdd 



VlH, 



Vdd - 0-5 



Vdd 



All Inputs Other than CL^, X^ 



CL1.X1 





^'Hdr 


0.9VDDt,R 


VdDdr-0.2 




RESET, Data Retention Mode 








^m 







0.3VDD 


V 


All Inputs Other than CL^, X^, Ports 4, 5 
Ports 4, 5, and 6 


and 6 




Input Voltage Low 


^'L3 


Vdd- 


-35.0 


0.3VDD 






V1L2 







0.5 


CL1.X1 








'LIH, 






3 


mA 


All Inputs Other than CL^, X^, Ports 4, 5, 

Ports 4, 5, and 6, 

CLi.Xi 


and 6 


V| = Vdd 


Input Leakage Current High 


'LIH2 






10 


V| = Vdd 




'LIH3 






60 






'LIL, 






-3 


mA 


All Inputs Other than CL-|, X-i 

Ports 4, 5, and 6, 

CLi,Xi 




V| = ov 




'LIL2 






-10 


V| = -30.0V 




'LIL3 






-30 




Output Voltage High 


VOH 


Vdd- 


- 2.0 




V 


Vdd = 5V ± 10%, loH = -1.0mA 
Vdd = 2.7V to 5.5V, Iqh = -IOOmA 






Vdd- 


-0.5 






Output Voltage Low 


Vol 






0.4 


V 


Vdd = 5V ± 10%, Iql = 1-6mA 
Vdd = 2.7V to 5.5V, ioL = 400f4A 










0.5 






■loh^ 






3 


mA 


Vo = Vdd 

Ports 3, 4. 5, and 6, 








'LOH2 






30 


Vq = -30V 


Output Leakage Current Low 


•LOL2 






-3 


mA 
mA 


Vq = ov 

Ports 3, 4, 5, and 6, 








'LOL2 






-30 


Vq = -30V 


Supply Voltage 


^DDdr 


2.0 






V 


Data Retention Mode 







Supply Current 



Normal Operation 



'DD2 



mA Stop Mode, Xi = OV 



'ddd 



Data Retention Mode, VdDqb = 2.0V 




Vdd = 5V ± 10% 

Vdd = 3v ± 10% 



Vdd = 5v ± 10% 
Vdd = 3v 1 10% 



Capacitance 
^a = 25'C, Vdd 



ov 



Symboi Mfn Typ Max Unit 



Test 
Conditions 



Input Capacitance 



Output Capacitance 



Co 



Input/Output 
Capacitance 



C|/0 



Unmeasured pins 
returned to Vgg 
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jkPDTSOSA 



AC Characteristics 

Ta - - 10«C to -I- 70«C, VpD ^ 2.7V to 5.5V 



tvp 



Test CrondKlons 



System Clock Oscillation Frequency 





R = 82kQ ± 2% 
C = 33pF ± 5% 


Vdd = 5V ± 10% 


CL1.CL2 

R/C Clock 


R = leOkQ ±2% 
C = 33pF ± 5% 


Vdd = 3V ± 10% 
Vqd = 2.7V to 5.5V 



External 



Vdd = 5V ± 10% 







10 


125 




Clock Vdd = 2-7V to 5.5V 


System Clock Rise and Fall Times 


tCR.tCF 




0.2 


MS 


CL^, External Clock 


System Clock Pulse Width 


tCH'tCL 


1.1 


SO 


MS 


cui, Vdd « 5v ± 10% 

External 


3.5 


50 


Clock Vdd = 2.7V to 5.5V 



Xi,X2 Crystal Oscillator 



Counter Clock Oscillation Frequency 



X) . External Pulse input 



Vdd = 5V ± 10% 










135 






Vdd = 2.7V to 5.5V 


Counter Clock Rise and Fall Times 


»xr.Vf 




0.2 


MS 


X^, External Pulse Input 




Counter Clock Pulse Width 


tXH.tXL 


1.1 




MS 


X^, External Pulse Input 


Vdd = 5v ± 10% 




3.5 




Vdd = 2.7V to 5.5V 



SCK Cycle Time 



*KCy 



SCK is 

an 

input 



Vdd = 5V ± 10% 



Vdd = 2.7V to 5.5V 



SCK Is 

an 

output 



Vdd = 5V ± 10% 



Vdd ' 2.7V to 5.5V 

Vdd = 5V ± 10% 



SCK Pulse width 



tKH.tKL 



SCK Is 

an 

Input 



Vdd = 2.7V to S.5V 



SCK is 

an 

output 



Vdd = 5V ± 10% 



Vdd » 2.7V to 5.5V 



SI Setup Time to SCKt 


tSIK 


.3 




MS 




Si Hold Time after SCKt 


tKSi 


.45 




MS 




SO Delay Time after SCK4 


*KSO 




850 


ns 


Vdd = 5V ± 




1200 


Vdd = 2.7V to 6.5V 



Port 1 Output Setup Time to PstB^ 



tpST 



1/(2fc- 
800) 



Vdd = 5v ± 10% 



1/(2V 
2000) 



Vdd = 2.7V to 5.5V 



Port 1 Output Hold Time pfter Pstb^ 


tSTP 


100 




Vdd = sy ± 10% 


100 




Vdd = 2.7V to 5.5V 




tSL 


1{2fc- 
800) 




Vdd = 5v ± 10% 


PSTB f*ulse Width 


1/(2fc- 
2000) 


ns 


Vdd = 2.7V to 5.5V 


INTq Pulse Width 


*'0H'*«OL 


10 


MS 




INT1 Pulse Width 


SwSl 


".0 


M8 




RESET Pulse Width 


tRS„.tRSL 


10 


MS 





3-70 



Timing Waveforms 



Clocks 



Serial Interface 

SCK 



tcf-* 



txf- 



\ 



^. 



^CL 



»CR — 



J 



^CH 



tXL 



ly 



tXH 



*KCY 



tKL 



*SIK 



^KH 



- *KSI — 



f Valid 

Input Data 



J 



— *KSO— ^ 



_A_ 



Valid Output Data 



r ^. 



X 



MPD7508A 



. V^H 



-V^H 



_ V|H 
— V|L 



~— V|H 




Output Strobe 

PI0-PI3 



- tpST - 



/ 



- tSTP - 



> 



- V|H 
■ V|L 



V|H 

— V|L 



External Interrupts 

INTO 



"\ 



- tlOL 



]f 



tloH 



— V|H 

— V|L 



INT1- 



1 



tllL 



f 



tliH- 



-V|H 
-V|L 



Reset 



\ 



-*RSl- 



-tRSu 



/ \ 



— V|H 



Data Retention Mode 

vdd 



— tsRS * 



-Data Retention Mode- 



-Mrs 



__V,H 
— VdDdr 
= >R 
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jiPD7508A 



Operating Characteristics 

Typical, Ta s 25«C 



Supply Current 

vs 

Supply Voltage (Note 0) 



1 CLi CL2 1 








R ic 
2= 33pF 




/ 


y 
y 






R = 82kQ 


/ v^ 








R = leOkfi 












. 




r.,/£... 












?'" 



S s 



Supply Current 

vs 

Supply Voltage (Note ® ) 











/ 








/ 


/ 






/ 


/ 






/ 


^ 


1 Xi X2 1 


Xtali"^ 

Rl = 330kQ 
Cl = 20pF 








f 






C2 
Xtal 


= 30pF 

s 32.768KHZ 



2 3 4 

Supply Voltage Vqd (V) 



Supply Voltage Vdd (V) 



Supply Current 











Sy 


stem 


Clock Oscillation Frequency 
(Note ®) 






1 CL2 CLi 1 




Vdd = 5.0V 








250 










V 


;C 












200 


i 


' 








C = 39pF 








C = lOOpF C = 56pF 


X-"'^ 


^ 


150 


<^ 


5 


/ 


<^ 




„^^^= 2 


PF 


50 












- 



Supply Current 

vs 

System Clock Oscillation Frequency 

(Note 0) 



1 

o 
o 

£ 150 

3 

u 

>. 

1 



1 CL2 CLi 1 










L 


1 


:C 


Vdd = 3.0V 


































C = 


100 pF 

c = 


»p^ 


= 39pF 


?F 


^ 


^==^ 











100 200 300 400 

Oscillation Frequency \^ (KHz) 



100 200 300 400 500 

Oscillation Frequency f<|, (KHz) 



Notes: 

Only R/C system clock Is operating and consuming power. All other internal logic blocks are not active. 
(^ Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active. 
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Operating Characteristics (Cent.) 

Typical, Ta = 25«C 



jL(PD7508A 



System Clock Oscillation Frequency 







Resistance 


















[CL2 CLi 1 






\ 






R 


• 


•a- 


C = 


33PF 


I 




\ 




1^ 1 






X 










\ 


VDD = 5V 






it 100 

1 

1 

° 50 






v 










\s 










VDD = 3V 


\ 




























1.,^ ' 











SO 100 200 

Resistance R (K ohms) 



System Clock Oscillation Frequency 

V8 

Supply Voltage 



£ 200 



1 CL2 CLI I 












R 


C 
• = 33pF 












Ji 










R = 82kQ 












R = ISOkQ 






























Supply Voltage VdD (V) 



Pacicage Outlines 

For information, see Pacicage Outline Section 7. 

Plastic, fxPD7508AC 

Plastic Shrinkdip, |jiPD7508ACU 

Ceramic Piggybacl(, |xPD75CG08E 
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NEC 



Ci- 



)itPD7508H 
HIGH SPEED CMOS 
4-BIT SINGLE CHIP 
MICROCOMPUTER 



Description 

The /aPD7508H is a high-speed CMOS 4-bit single 
chip microcomputer which is based upon the /xPD7500 
series architecture. 

The /LtPD7508H contains a 4096 x 8-bit ROM, and a 224 x 
4-blt RAM. It contains four 4-blt general purpose registers 
located outside RAM. The subroutine stack is implemented 
in RAM for greater nesting depth and flexibility, providing 
such operations as the pushing and popping of register 
values. The /LtPD7508H typically executes 92 instructions 
of the /xPD7500 series "A" instruction set with 4(jls instruc- 
tion cycle time. 

The jLtPD7508H has two external and two internal edge- 
triggered hardware vectored interrupts. It also contains an 
8-bit timer/event counter and an 8-bit serial interface to help 
reduce software requirements. 

The ijlPD750SH provides 32 I/O lines organized into the 4-bit 
input/serial interface Port 0, the 4-bit input Port 2, the 4-bit 
output Port 3, and the 4-bit I/O Ports 1 , 4, 5, 6, and 7. It is 
manufactured with a low power consumption CMOS pro- 
cess, allowing the use of a single power supply between 
2.7V and 5.5V. Current consumption is less than 900/liA 
maximum, and can be lowered much further in the HALT 
and STOP power-down modes. The /LtPD7508H is available 
in a 40-pin dual-in-line plastic package. The jLtPD7508H is 
downward compatible with the jLtPD7508 and the AtPD7507. 
The /otPD7508H is ideally suited as a controller in the follow- 
ing applications: 

D telephone/telecommunication equipment 
n portable instruments 
D automotive dashboard controls 
D medical instruments 
D portable and hand-held computer terminals 
D office equipment 

Development Tools 

For software development, editing, debugging, and assem- 
bly into object code, you can use the NEC Development 
System (NDS). Additionally, for systems supporting either 
the ISIS-II (®lntel Corp.), CP/M (®Digital Research Corp.) 
operating systems, or Fortran IV ANS1 1966 V3.9, the 
ASM75 Cross-Assembler is available. 
During software development, the code can be completely 
evaluated and debugged with hardware by the Evakit-7500 
Evaluation Board. The Evakit-7500-RTT Real-Time Tracer 
Board is an optional device used to examine operation of 
your code in the actual prototype circuit. The SE-7508 
System Emulation Board will emulate complete function- 
ality of the /LtPD7508H for demonstrating your final system 
design. All of these boards take advantage of the capabili- 
ties of the /XPD7500 ROM-less evaluation chip to perform 
their tasks. 

Complete operation details on the ;itPD7508H CMOS 
4-bit Microcomputer can be found in the />tPD7506, 
/LtPD7507, and /aPD7508 CMOS 4-bit Microcomputers 
Technical Manual. 



Features 

D Advanced 4th Generation Architecture 

D Program Memory (ROM) size: 4K x 8-bit bytes 

n Data Memory (RAM) size: 224 x 4-bit nibbles 

D RAM Stack 

n Four General Purpose Registers: D, E, H, and L 

- Can address Data Memory and I/O ports 

- Can be stored to or retrieved from Stack 
D 92 Powerful Instructions, including 

- Direct/indirect addressing 

- Table look-up 

- RAM stack push/pop 

- Single byte subroutine calls 

- RAM and I/O port single bit manipulation 

- Accumulator and I/O port logical operations 

- 4/ixs instruction cycle time, typically 

D Extensive General Purpose I/O Capability 

- One 4-blt input port 

- Two 4-bit latched tri-state output ports 

- Five 4-bit input/latched tri-state output ports 

- Easily expandable with />lPD82C43 CMOS 
I/O expander 

- 8-blt parallel I/O capacity 

D Hardware Logic Blocks - Reduce Software 
Requirements 

- Operation completely transparent to 
instruction execution 

- 8-bit Timer/Event counter 

- Binary-up counter generates INTj at 
coincidence 

- Accurate Crystal Clock or External Event operation 
possible 

- Vectored, Prioritized Interrupt Controller 

- Three external Interrupts (INTq, INTi, INT2) 

- Two internal interrupts (INTj, I NTs) 

- 8-bit Serial Interface 

- 3-llne I/O configuration generates I NTs upon trans- 
mission of eighth bit 

- Ideal for distributed intelligence systems or commu- 
nication with peripheral devices 

- Complete operation possible in HALT and STOP 
power-down modes 

n Built-in System Clock Generator 
n Built-in Schmidt-Trigger RESET Circuitry 
D Single Power Supply Variable from 2.7V to 5.5V 
D Low Power Consumption Silicon Gate CMOS 
Technology 

- 900/xA max at 5V, 400/a A max at 3V 

- HALT, STOP power-down instructions reduce power 
consumption to 20^tA max at 5V, lOptA at 3V 
(Stop Mode) 

D Extended -40°C to +85°C Temperature Range 

Available 
D 40-pin Dual-in-line Plastic Package 
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Pin Configuration 



Pin Identification 



Clock Out m 
PZo/PsfiC 

P21/PT0UT C: 
P22IZ 
P23C 

PioC 

PI1C 
PI2CI 
PI3C 
P3oC 
P3lC 
P32C 
P33C: 
P70C 
P7lC 
P72IZ 
P73CI 
RESET [I 

vddC 



-\.J^ 



/LtPD7508H 



Absolute Maximum Ratings* 



D EVENT 

Dvss 

IDP43 

JP42 

I1P4i 

I1P40 

DP53 

I1P52 

I|P5l 

I]P50 

IIP63 

DP62 

IIP61 

I1P60 

U PO3/SI 

D PO2/SO 

3 POi/SCK" 
H POo/INTo 
UlNTi 
II Xj 



T, = 25°C 


Operating Temperature 


-10°C to +70°C 


Storage Temperature 


-65°Cto+150°C 


Power Supply Voltage, V^d 


- 0.3 V to + 7.0V 


All Input and Output Voltages 


-0.3VtoVDD + 0.3V 


Output Current (Total, All Output Ports) 


loH = -20mA 
loL = 30mA 



No. Symbol Function 



Crystal Clock Output (active high) The Crystal Oscillator frequency is 
divided by 12, and then output through a buffer 



P2o-P23 

P2o/PsTe 
P2i/Ptout 



4-bit latched tri-state output Port 2 (active high). Line P2o is also shared 
with PsTB> the Port 1 output strobe pulse (active low). Line P2, is also 
shared with Ptqut- ^^^ timer-out F/F signal (active high). 



4-bit mput/tri-state output Port 1 (active high). Data output to Port 1 ts 
strobed in synchronization with a P2o/Pstb pulse. 



10-13 F 
14-17 F 



4-bit input/latched tri-state output Port 3 (active high). 



4-bit mput/latched tri-state output Port 7 (active high). 



18 RESET RESET input (active high). R/C circuit or pulse initializes AtPD7507 or 

/i.PD7508 after power-up. 

19,21 X,, X2 Crystal Clock Oscillator input (active high). Connect a 4.191MHz crystal 

across X^, and Xj. 

20 VoD Power supply positive. Apply single voltage ranging from 2.7V to 5.5V 

for proper operation. 

22 INT^ External interrupt INT^ (active high). This is a rising edge-triggered 

interrupt. 

23-26 POq/ INTq 4-bit input Port 0/Serial I/O interface (active high). This port can be 
PO1/SCK configured either as a 4-bit parallel input port, or as the 8-bit serial I/O 
PO2/SO interface, under control of the serial mode select register. The Serial 

PO3/SI Input SI (active high). Serial Output SO (active low), and the Serial Clock 

SCK (active low) used for synchronizing data transfer comprise the 8-bit 
serial I/O interface Line POo is always shared with external interrupt INTg 
(active high) which is a rising edge-triggered interrupt. 

27-30 P60-P63 4-bit input/latched tri-state output Port 6 (active high). Individual lines 
can be configured either as inputs or as outputs under control of the 
Port 6 mode select register. 

31 -34 P5o-P53 4-bit mput/latched tri-state output Port 5 (active high). Can also perform 
8-bit parallel I/O in conjunction with Port 4. 

35-38 P4o-P43 4-bit input/latched tri-state output Port 4 (active high). Can also perform 
8-bit parallel I/O in conjunction with Port 5. 



40 EVENT EVENT counter pulse input (active high) 



*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be oper- 
ated under conditions outside the limits described in 
the operational sections of this specification. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Block Diagram 



P0i/5CR PO2/SO PO3/SI 






System 

Clock 

Generator 


Standby 
Control 






t 1 





RESET VdD 



DC Characteristics 

Ta = -10°Cto +70"'C, Vdd = 2.7V to 5. 



,5V 





Symbol 




Limits 




Unit 


Test Conditions 




Parameter 


Min 


Typ 


Max 






V,H 


0.7 Vdd 




Vdd 


V 


All Inputs Other than Xi 




Input Voltage High 


V,H, 


Vdd-0.5 




Vdd 


Xi 






V.H3 


0-9VoD,« 




Vdddh+0.2 






Input Voltage Low 


V,L 







0.3 Vdd 


V 


All Inputs Other than Xi 




% 







0.5 


Xi 




Input Leakage Current High 


'l.h 






3 


^A 


All Inputs Other than Xi 
Xi 


V, = Vdd 


hH, 






10 




Input Leakage Current Low 


'u. 






-3 


HA 


All Inputs Other than Xi 


V, = OV 


'.L2 






-10 


X, 




Output Voltage High 


VOH 


Vdd - 1-0 






V 


Vdd = 5V ± 10%, Iqh = -1.0 mA 




Vdd - 0.5 






Vdd = 2.7V to 5.5V, Iqh = - 100 ^lA 




Output Voltage Low 


Vol 






0.4 


V 


Vdd = 5V ± 10%, loL = 1.6 mA 








0.5 


Vdd = 2.7V to 5.5V, Iql = 400 jtA 




Output Leakage Current High 


'tOH 






3 


j^A 


Vo = Vdd 




Output Leakage Current Low 


Ilo, 






-3 


^A 


Vo = OV 




Supply Voltage 


Vooo, 


2.0 






V 


Data Retention Mode 





Idd^ 



Supply Current 



Ido2 



iiA 



Normal Operation 


Vdd = 3V ± 10% 


Stop Mode, Xi = OV 


Vdd = 5V ± 10% 
Vdd = 3V ± 10% 



Data Retention Mode 
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AC Characteristics 

Ta = -10X to +70X, Vdd = 2.7V to 5.5V 



lyp 



Test Conditions 



R = 120kn±2% 
C = 33 pF ± 5% 



System Clock Oscillation Frequency 



SCK Cycle Time 



R = 250 kO ± 2% *PD~'' 

C = 33 pF ± 5% V _ 2 



X^, External Clock 



SCK is an input 



SCK is an output 



Vdd = 5V ± 10% 







10 




TBD 








Vdd = 


= 2.7V to 5.5V 




*x 


25 


32 


50 


KHz 


X^.Xj Crystal 


Oscillator 






EVENT Frequency 


*EVENT 







300 


EVENT 




Vdd = 


= 5V ± 10% 









135 


Vdd = 


= 2.7V to 5.5V 


EVENT Rise and Fall Times 


tcR. tcF 






0.2 


fJLS 


EVENT 








EVENT Pulse Width 


*XH> *XU 


1.5 






fJlS 


EVENT 




Vdd = 


= 5V ± 10% 


3.5 






Vdd = 


= 2.7V to 5.5V 



Vdd = 5V ± 10% 



J = 2.7V to 5.5V 



VpD = 5V ± 10% 
Vdd = 2.7V to 5.5V 



SCK Pulse Width 



tKH-V 



SCK is an input 



SCK is an output 



Vdd = 5V ± 10% 
Vdd = 2.7V to 5.5V 



VpD = 5V A 10% 
Vdd = 2.7V to 5.5V 



SI Setup Time to SCK T 


tsiK 


300 






ns 




SI Hold Time after SCK t 


tKSI 


450 






ns 




SO Delay Time after SCK i 


^KSO 






850 


ns 


Vdd = 5V ± 10% 






1200 


Vdd = 2.7V to 5.5V 


Port 1 Output Setup Time to Pstb f 


tpST 


1/(2f^-800) 
1/(2f^-2000) 






ns 


Vdd = 5V + 10% 


Vdd = 2.7V to 5.5V 


Port 1 Output Hold Time after Pstb | 


tsTP 


300 


350 


500 


ns 


Vdd = 5V ± 10% 


300 




1500 


Vdd = 2.7V to 5.5V 


PsTB Pulse Width 


tsw. 


f/(2f^-800) 






ns 


Vdd = 5V ± 10% 


f/(2f^-2000) 






Vdd = 2.7V to 5.5V 


INTo Pulse Width 


*.OH'V 


10 






us 




INTi Pulse Width 


*llWH.t|iWL 


2/»<l> 






|XS 




RESET Pulse Width 


tBSH.tRS, 


10 






^J.s 





Capacitance 

Ta = 25"'C, Vdd = OV 





Symbol 


Limits 


Unit 


Test 




Min Typ Max 




Input Capacitance 


c, 


15 


pF 


f = 1 MHz 


Output Capacitance 


Co 


15 


pF 




Input/Output Capacitance 


C,/o 


/•s 


pF 


returned to Vss 
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Timing Waveforms 

Clocks 



Serial Interface 




Output Strobe 

PI0-PI3 — 



/ 



> 




— V|H 
"— ViL 



— V|H 

— V|L 



External Interrupts 

INTO 



1 



F 



K. 



— V|H 

— V|L 



A. 



/ 



— V|H 



Reset 

RESET- 



A. 



/ 



V 



— V|H 
_— V|L 



Data Retention Mode 

vdd 



J 



-Data Retention Mode- 






= >DR 
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Package Outlines 

For information, see Paclcage Outline Section 7. 



Plastic, |xPD7508HC 

Plastic Shrinkdip, fjiPD7508HCU 
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NEC 



|jlPD7514 

CMOS 4-BIT SINGLE CHIP 

MICROCOMPUTER WITH 

LCD CONTROLLER/DRIVER 



Description 

The jjlPD7514 CMOS 4-bit single chip microcomputer 
has the standard jjlPD750X architecture. It contains 4K x 
8-bits of program memory ROM, 256 x 4-bits of data 
memory RAM, an 8-bit timer/event counter, and an 8-bit 
serial interface. 

The on-chip LCD controller/driver is capable of driving a 
variety of LCD displays configured from biplexed to quad- 
riplexed (2-4 backplane). It can utilize up to 32 segment 
and 4 common drive lines that are output from a 128-bit 
(32 X 4) display data memory 

The |xPD7514 also features 4 vectored interrupts (2 internal 
and 2 external) and 2 standby modes. It is available in the 
80-pin plastic flat package to conserve space and is man- 
ufactured with a low power consumption CMOS process 
allowing the use of a single 5V power supply A powerful 92 
instruction set (subset of ^jlPD750X Instruction Set A) 
allows greater software flexibility 
The |jlPD7514 is capable of forming a system with a 
minimum amount of additional circuitry It is designed to 
operate with low power and can be used for a wide variety 
of applications because the chip can generate a reference 
clock for timer operations. 

Features 

D 4-bit single chip microcomputer 

D 92 instructions (subset of |jlPD7500 set A) 

D Instruction cycle: 5|jLS/400kHz at 5V 

D Program memory (ROM): 4096x8 bits 

D Data memory (RAM): 256x4 bits 

D Vectored interrupts: 2 externals, 2 internals 

D 8-bit timer/event counter 

D 8-bit serial interface 

D On-chip LCD controller/driver 

- 1/2 bias: biplexed, triplexed 

-1/3 bias: triplexed, quadriplexed 

- Segment outputs: 32 lines 

- Common outputs: 4 lines 
D Standby modes (stop/halt) 

D Low-power data retention capability 

D 31 I/O lines 

D On-chip RC oscillator for system clock 

D On-chip crystal oscillator for count clock 

□ CMOS technology 

D Single power supply 

D 80-pln plastic flat package 



Pin Configuration 





iiiii 
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nnnnnnnnnnnnnnnn 




P4il= 


80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 
1 64 


IVss 


P4oC=: 






63 


,, . |P3. 


Xj cz 






62 


|P33 


Xi dZ 






61 


HPIo 


V.^, 1 — 






60 


-1 PI, 


VtcaCZ: 






59 


-jP1a 


VlciCz: 






58 


=1P13 


COM3CII: 






57 


ZZ3 P2o/PSTB 


coM^czr 






56 


-I P2VPT0UT 


coMicrz 






55 


__JP'22 


cowiocz: 






54 


|P7o 


S3ic=: 




J1PD7514 


53 


|P/i 


S30C1: 






52 


Z=|P7a 


S29CZI 






51 


Z=3P73 


SasCZI 






50 1 CL, 


S,,l — 






49 


r=]CL, 


SaeCZI 






48 IHhStI 


S^sCZ 






47 1 INT1 


S24CZZ 






46 |S„ 


S23CIZ 


20 




45 IS, 


s,,cz: 


21 




44_US, 


S2, cz: 


22 




43 


rZ]S3 


NCCZ 


23 




42 


miNc 


S20 c=z 


24 41 
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 


:=iis4 



uuuuyyuyyuuuyyyu 




Pin Identification 





Pin 


- 




No. 


Symbol 


Function 


1,2 
79,80 


P40-P43 


I/O 


I/O pins (4 bits) of Port 4 (4-bit I/O port). 


3,4 


Xi,X2 




Count Clock Oscillation pins to be connected to 
crystal. X, is for External Clock input. 


5-7 


Vlci-Vlc3 




LCD bias voltage supply input pins. 


8-11 


COM0-COM3 




LCD common signal output pins. 


12-22, 
24-32, 
34-41, 
43-46 


S0-S31 




LCD segment signal output pins. 


33 


Vdd 






47 


INT1 




External Interrupt input pin. 


48 


RESET 




Reset input pin. 


49,50 


CLi,CL2 




System Clock Oscillation pins to be connected to RC. 
CL^ IS for External Clock input. 


51-54 


P7o-P73 


I/O 


I/O pins (4 bits) of Port 7 (4-blt I/O port). 


55 
56 
57 


P22 

P2,/PT0UT 
P2o/PSTB 




Output pins (3 bits) of Port 2 (3-bit output port). Com- 
monly used as Strobe output (PSTB) for Port 1 output, 
TOUT output (PTOUT). 


58-61 


PI0-PI3 


I/O 


I/O pins (4 bits) of Port 1 (4-bit I/O port), not including 
latches. 


62, 63, 
65,66 


P30-P33 




Output pins (4 bits) of Port 3 (4-bit output port). 


64 


Vss 




Ground. 


67 
68 
69 
70 


PO3/SI 

PO1/SCK 
POq/INTO 


I/O 
I/O 


Input pins (4 bits) of Port (4-bit input port). Com- 

Clock I/O (SCK), Serial Data input (SI), Serial Data out- 
put (SO). 


71-74 


P60-P63 


I/O 


I/O pins (4 bits) of Port 6 (programmable 4-bit I/O port). 


75-78 


P5o-P53 


I/O 


I/O pins (4 bits) of Port 5 (4-bit I/O port). 
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Block Diagram 



SCK/PO, SI/PO3 
INT1 INTO/POo SO/PO2 




K Porto / 



PO0-PO3 



OBCC>""-" 






Port 2 
Latch 
Buffer 



>E^P22 
PSTB/P2 
PTOUT/P 



Nl Porta I N. 

) Latch 4 > 



i/P2o 
PT0UT/P2, 



P3o-P33 



/•--N Port4 A-\^ 

Latch C 4 >P6,-P6j 
Latch ( 4 >P7„-P73 



CLi CL2 



Reset Voo Vss Vlc,_3 COMo_3 So_3, 
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Program Memory (ROM) 

Program Memory is a mask-programmable ROM of 4096- 
word X 8-bit configuration, and is addressed by the program 
counter. Program Memory stores programs and table data. 

The address locations of the program memory are from 
OOOH to FFFH. RESET, Interrupt, start address, and the 
table areas of LHLT and CALT instructions have been allo- 
cated specific memory locations. When a program is 
generated, the aforementioned memory locations must be 
taken into consideration. 



Program Memory Map 



01 OH 

020H 

030H 

OCOH 

OCFH 
ODOH 



RESET Start Address 



INTT Start Address 



INTO/S Start Address 



INT1 Start Address 



Look-up Table of 
LHLT Instruction 



Look-up Table of 
CALT Instruction 
(Call Address Table) 



Subroutine 

Entry 

Addresses 



Timer/Event Counter Configuration 



T\ 



Internal Bus 

8 t TAMMOD* 




8-bit Modulo Register 



S 



8-bit Comparator 



7T 



Count Hold 
Circuit 



8-bit Count Register 



s 



Timer 
OutFF 



- (Coincidence Signal) 
INTT 



^ ' ^ TOUT (to Serial Interface) 



Timer 
Reset* 



Notes: OP is a count pulse selected by the clock mode register 
® CM3 IS used for output designation of tfie time-out F/F 
@ * indicates execution of instruction 
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Serial Interface is used to input/output serial data and is 
basically composed of an 8-bit shift register, a 4-bit shift 
mode register and a 3-bit counter. 

Serial Interface Block Diagram 



















\ 


XX 8 ■• TAMSIO* 

TSIOAM* *\ 8 \X 






*OP,OPL 






1 1 1 1 1 1 1 

1 1 8-bit Shift Register I 1 

1 1 1 1 1 1 1 

LSB 1 , , , , 1 , MSB 




1 1 1 
Shift Mode Register 

1 i 1 
1 1 1 




r-D> ' 












1 1 1 1 r 1 1 1 








1 








pOjj/SO O ' 


_.-n_ 






SIMS 






h^ 


>J 


















' 




1 1 
3-blt Counter 

1 1 
1 1 








LN.^ ^ 






-1> ^ 




H> — L^^ L 


















poi/scic o 
















Vi 




Z' 1 r 












^ K^^ . 






TOUT 








^/^ I ' "^ N^ 














^X^r-] /^ — >-i 






V 1 


















R 
RS F F 
Q S 


, 






/iMTn n, 


""*■ 




U> 




-^1^ 




— SiO* 




* 









Notes: ® <i> indicates the internal clock signal (system clock) 
® TOUT IS the timer-out F/F signal 
® * indicates the execution of instruction 
® SM3 IS to the interrupt controller 
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LCD Controller! Driver Block Diagram 



^PD7514 



Data Memory 



Display 

Mode 

Register 





COM3 COM2 COM, COMo 



3 


2 


( 


) 


c 


r 

V 


L 
/ 


\^ 



Multiplexer 
Note: * indicates instruction execution 

The LCD controller/driver consists of a 4-bit display mode 
register (DM0 - DM3), 128-bit (32 x 4) display data memory 
(I.e., addresses from OOH to 1FH In data memory), a timing 
controller, multiplexers, an LCD drive-voltage controller, 
segment drivers, and common drivers. 
The LCD controller/driver provides an LCD direct drive 
function with 1/2 bias voltage (biplexed, triplexed) and 1/3 
bias voltage (triplexed, quadriplexed) configurations. For 
LCD driver outputs, 32 segment lines (Sq - 83^) and 4 
common lines (COMq - COM3) are provided. 
Maximum Segment Number 



Bias Multiplexing 



Maximum Segment Number 



Biplexed 



COMq, COM, 



64 (32 Segments x 2 Commons) 



IVIplexed 



Ti-iplexed 



-COMo, COM1, COM2 



96 (32 Segments x 3 Commons) 



Quadriplexed COMq, COM^ , COM2, COM3, 1 28 (32 Segments x 4 Commons) 
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Format of Shift Mode Register 



I SM3 I SM2 I SMI I SMO | Shift Mode Register 



Serial interface Operation and 
"Mode Setting of Porto 



SM2 


SMI 


SMO 


POg/Si 


PO2/SO 


PO1/SCK 


Serial Operation 











Port Input 


Port Input 


Port Input 


Stop 





1 





To output (t> continuously 





1 


1 


To output TOUT continuously 


1 








SI Input 


SO Output 


SCK Input 


To operate with 
external clocl< 


1 


1 





SCK Output (<t)X 8) 


To operate with (t) 


1 


1 


1 


SCK Output (TOUT) 


To operate with 
TOUT 



Note: <t) = System Clock 

Interrupt Controller Block Diagram 



- Selection of INTO or INTS 



SMS 







INTS 


1 


INTO 



SIO' 
INTT 



,.^=0- 




Sync 
Edge 
Detect 



Nonsync 

Edge 

Detect 



Nonsync 

Edge 

Detect 



y 



INT1 
RQF 



rS 



INTO/S 
RQF 



^> 



INTT 
RQF 




RoaiQter ' Master 

Register ^^^^^^ 

T 0/S 1 I F/F 



x> 



':xy 



be 



Priority 
Control 



TV 



:> 



Vector 

Address 

Generator 



Standby Release 



® * indicates execution of instruction 

® SM3 IS bit 3 of the shift mode register (Selection of INTO or INTS) 
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Clock Control Circuit 



To Timer/Event _ 
Counter 



Prescaler 1 
(1/4) 



CM, 



CM^ 



Clock Mode Register 




Prescaler 2 
(1/8) 



i>-3:> 



Prescaler 3 
(1/8) 




Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic Miniflat, m^PD7514G 



7514DS-7-83-CAT-L 
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SEC 



|xPD7519 

CMOS 4-BIT SINGLE-CHIP 

MICROCOMPUTER WITH VACUUM 

FLUORESCENT DISPLAY 

CONTROLLER/DRIVER 



Description 

The |jlPD7519 is a CMOS 4-bit single-chip microcomputer 
which has the |jlPD750x architecture. 
The |jlPD7519 contains a 4096 x 8-bit ROM, and a 256 x 
4-bit RAM. 

The |jlPD7519 contains four 4-bit general purpose registers 
located outside RAM. The subroutine stack is implemented 
in RAM for greater nesting depth and flexibility, providing 
such operations as the pushing and popping of register 
values. The |jlPD7519 typically executes 106 instructions 
of the |jlPD7500 series A instruction set with a 7.637|jls 
instruction cycle time. 

The |jlPD7519 has two external and two internal edge- 
triggered hardware vectored interrupts. They also contain 
an 8-bit timer/event counter, an 8-bit serial interface, and a 
9-bit D/A programmable pulse generator, to help reduce 
software requirements. The on-board vacuum fluorescent 
display controller/driver supervises all of the timing required 
by the 24 Port S segment drivers either for a 16-digit 7- 
segment vacuum fluorescent display, or for an 8-character 
14-segment vacuum fluorescent display. 
The |xPD7519 provides 28 I/O lines organized into the 
4-bit input/serial interface Port 0, the 4-bit output Port 2, 
the 4-bit output Port 3, and the 4-bit I/O Ports 1 , 4, 5, and 6. 
Additionally, Port 1 can be automatically expanded to 16 I/O 
lines through connection to a |xPD82C43. The |jlPD7519 is 
manufactured with a low power consumption CMOS pro- 
cess, allowing the use of a single power supply between 
2.5V and 5.5V. Current consumption is less than 2mA 
maximum, and can be lowered much further in the Halt 
and Stop power-down modes. The fxPD7519 is available 
in a space-saving 64-pin flat plastic package, or a 64-pin 
QUIL package. 

There is also a piggyback EPROM version available, the 
75CG19E, which is pin-compatible and functionally equiv- 
alent to the masked version. It is excellent for prototyping 
and program development. 
Pin Configuration 
64-pin Plastic Fiat Pacicage 



64-pin Plastic QUII. Package 



> (- I- H I- I 



I- I- Kl-^f-^H^I-^KO) CO 





51 


50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 1 


VpREcd 


52 










32 


p3oc=: 


53 










31 


P3irr— 


54 










30 


P32l— 


55 










29 


PSaCIZ 


56 










28 


INT, en 


57 










27 


Vnnf 


58 










tJiPD7519 26 


P2o/PstbC= 


59 










25 


P2,/Ptout[IZ: 


60 










24 


P22/PclCZ= 


61 










23 


P2,r — 


62 










22 


RESET CZI 


63 










21 


PPOI 


64 










20 




1 


2 


3 


4 


5 


6 7 8 9 10 11 12 13 14 15 16 17 18 19 



IIS2 

3 S3 



iirtjpminT-jrrt" 
.Q.Q- a. o. Q. ti. a. a. 



P2o/PsTB n 


1 




64 


=» Vdd 


P2i/Ptout 1 


2 




63 


lINT, 


P22/Pcu = 


3 




62 


=3 P33 


P23^= 


4 




61 


==lP32 


RESET c= 


5 




60 


=. P3, 


PPOc==: 


6 




59 


= P3o 


NC a 


7 




58 


= VpRE 


POq/INTo r : 


8 




57 


==' Vload 


PO1/SCK c= 


9 




56 




PO2/SO C= 


10 




55 




PO3/SI t= 


11 




54 


ra T2 


P6oC== 


12 




53 




P61 q 


13 




52 


= T4 


P62C== 


14 




51 


1 T3 


P63 c 
P5o'c= 


15 
16 


(XPD7519 


50 
49 


= V 


P5, c= 


17 




48 


=3 Te/Ss 


P52C=^ 


18 




47 


=1 T9/S9 


P53 c 19 




46 


=» Lo/S,o 




20 




45 


' liVS„ 


PI1 c 


21 




44 


= T12/S12 




22 




43 


=3 T,3/Si3 


PI3 «= 


23 




42 


= t;;/s;: 


NCc== 


24 




41 


=3 Ls/S.s 


P4o C 


25 




40 


=3 S: 


P4, 1 


26 




39 




P42 C 


27 




38=3 S, 




28 




37 


=JS3 


EVENT C 


29 




36 


=3 S4 


X2I 


30 




35 


b=3S5 


Xi = 


31 




34 


= Se 


VssC=3 


32 




33 


1 S7 




Pin Identification 



Pin Nos. 


Symbol 




Flat QUIL 


Description 


1 7,24 


NC 


No connection 



POp/ INTn 4-bit input Port 0/serial I/O interface (active 
PO^/SCK high). This port can be configured either as a 
PO2/SO parallel input port, or as the 8-bit serial I/O 
PO3/SI interface, under control of the serial mode 

select register. The Serial Input SI (active high), 
Serial Output SO (active high), and the Serial 
Clock SCK (active low) used for synchronizing 
data transfer comprise the 8-bit serial I/O 
interface. Line POq is always shared with 
external interrupt INTq, which is a rising edge- 
triggered interrupt. 



6-9 


12-15 


P60-P63 


4-bit input/latched three-state output Port 6 

ured either as inputs or as outputs under 
control of the Port 6 mode select register. 


10-13 


16-19 


P5o-P53 


(active high). Can also perform 8-bit parallel I/O 
in conjunction with Port 4. 


14-17 


20-23 


PI0-PI3 


4-bit input/latched three-state output Port 1 
(active high). 


18-21 


25-28 


P40-P43 


4-bit input/latched three-state output Port 4 
(active high). Can also perform 8-bit parallel I/O 
in conjunction with Port 5. 


22 


29 


EVENT 


1-bit external event input for timer/event 
counter (active high). 



-3 
S4 
Ss 
Se 

Sr 




23-24 


30-31 


X2,Xi 


Crystal clock input (active high). A crystal 
oscillator circuit is connected to input X^ and 
output X2 for system clock operation. Alter- 
natively, an external clock source may be 
connected to input X, while output X2 is left 
open. 


Vdd 
Vss 
Xi 


25 


32 


Vss 


Ground. 




26,58 


64 


Vdd 


Power supply positive. Apply single voltage 
ranging from 2.5V to 5.5V for proper operation. 


X2 
EVENT 

P43 
P42 




27-34 
35-42 
43-50 


33-40 
41-48 
49-56 


S0-S7 

Ta/Ss-T^s/Sis 

T0-T7 


Vacuum fluorescent display outputs (active 
high). S0-S7 are always segment driver out- 
puts, and T0-T7 are always digit driver 
outputs. Tg/SB-Tig/Sis can be configured as 
either segment driver outputs or as digit driver 
outputs under control of the display mode 
select register. 


Rev/1 
3-89 











|xPD7519 

Pin Identification (Cont.) 



Pin 


Mos. 


Symbol 




Flat 


QUIL 




51 


57 


Vload 


Vacuum fluorescent display power supply 
Vdd-35.0 and Vdd for proper display 


52 


58 


VpRE 


Power supply for VFD driver. 


53-56 


59-62 


P3o-P33 


4-bit latched three-state output Port 3 
(active high). 


57 


63 


iNTi 


External Interrupt INT, (active high). This is a 
rising edge-triggered interrupt. 



P2o/PsTB 4-bit latched output Port 2 (active high). Line 
P2^/Pt ^ P2o is also shared with Psi-b> ^^^ P^*^ ^ output 
strobe pulse (active low). Line P2i is also 



61 
62 


3 

4 


PVPCL 
P23 


(active high). 

General purpose output. 


63 


5 


RESET 


RESET input (active high). R/C circuit or pulse 
initializes |jlPD7502 or (tPD7503. 


64 


6 


PPO 


(active high). 



Operating Supply Voltage 

Ta= -10*Cto+70°C 







Limits 


Unit 






Min 


Typ 


Max 


Test Conditions 


CPU ® 


4.0 




6.0 


V 




2.5 




6.0 


V 




Crystal Oscillation 
Circuit 


2.7 
2.85 




6.0 
6.0 


V 
V 


Ci = lOpF. 
Crystal Cj « 10pF 
Oscillation ® c, = lOpF, 

C2^22pF 




2.5 




6.0 


V 


External Clock ® 


Display Controller 


4.0 




6.0 


V 




Programmable Pulse 
Generator 


4.0 




6.0 


V 




Porti 


2.5 




6.0 


V 


Port Output Mode 


4.0 




6.0 


V 


I/O Expander Mode 



Notes: See notes ® and ® after AC Charactenstics tables 



Block Diagram 



Clock 
Selector 



PO2/SO 



PO3/SI 



Timer/Event 
Counter 



•NTt 



PO1/SCK 
INT, POq /INTq I ■ ;; 



7y 



12-bit Program Counter 



H 




Program Memory 
4096 X 8-bit ROM 



O 



Instruction 
Decoder 







<f) 










Standby 
Control 


Clock 
Generator 


Programmable 

Pulse 

Generator 

















1 1 




K Porto /T" 



General Registers 



E(4) 



L(4) 



o 



Data Memory 
256 X 4-bit RAM 



S 



o 



Vacuum Fluorescent Display 
Controller/Driver 



^ 



o 



Porti 
Buffer 



^ 



Port 2 
Latch 
Buffer 






PVPSTI 

P2,'Pt„„, 

P2^P,;,-P2, 



a Port 4 /'-N 






yr ^ Port 5 

C ) Latch 



'V Port 3 X 

) Latch 4 >P3o-P33 

I 1/^ »"^^^ \/ 



O Port 6 y^ \ 



X, X2 PPO RESET Vss Voo Vp«E V^oad S0-S7 

VSs-Tis/Sis 
To-Tr 
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Absolute Maximum Ratings* 

Ta = 25X 



- 0.3V to + 7.0V 



Supply Voltage 



VLOAD = VDD-40VtO 

VpD + 0.3V 

VpRE = VDD-12VtO 

VpD + 0.3V 



Input Voltage, V, 


-0.3VtoVDD + 0.3V 


Output Voltage 
Outputs other than display outputs 


Vo= -0.3V to 
Vdd + 0.3V 


Display outputs V 


OD = VDD-40VtO 

Vdd + 0.3V 


Output Current High, Iqh 


Per pin other than display outputs 


-15mA 


Per pin, S0-S7 


-15mA 


Per pin, T0-T7, Ts/Se-Tig/Sis 


-30mA 


Total, all outputs other than display outputs 


-20mA 


Total, all display outputs 


-120mA 


Output Current Low, Iql 


Per pin 


17mA 


Total, all outputs 


60mA 


Total Power Consumption, Pj ® 


Plastic flat package 


400mw 


Plastic QUIL package 


eoomw 


Operating Temperature, Tqpt 


-10''Cto+70X 


Storage Temperature, Tstg 


-40Xto125°C 



Note: © See note ® after AC Characteristics tables 

*COMMENT: Exposing tlie device to stresses above 
tiiose listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance 

Ta = 25^0; Vdd = OV 



Symbol Min Typ Max Unit 



Test 
Conditions 



Input Capacitance 


C,N 


15 


PF 


Output Capacitance 
other than display outputs 
Display outputs 


CoUT 


15 
35 


PF 
PF^ 



f = 1MHz 
Unmeasured pins 
returned to OV. 



I/O Capacitance 



C,o 



|jlPD7519 



DC Characteristics 

T. = -lOXto +70X; Vdd = 2.5V to 6.0V 







Symbo 


Limits 


Unit 


Test 


Parameter 


1 Min lyp 


Ma* 


Conditions 


other than Xi 


Xj 


V,H1 


OJVoD 


Vdd 


V 




High Xi,X2 




V,H2 


Vdd -0.4 


Vdd 


V 


(D 


Input Voltage <^>^bi' ^^'^^ ^i 


X2 


V,L1 





0.3Vdd 


V 




Low Xi,X2 




V,L2 





0.4 


V 


@ 


Output Voltage High 




VOH 


VoD -10 




V 


Vdd = 5V ± 0.5V; 
Iqh = -1mA 


Vdd -0.5 




V 


loH= -IOOm-A 






Vol 




0.4 


V 


Vdd = 5V ± 0.5V; 
Iql = 1.6mA 






0.5 


V 


•oL = 400tJiA 


Input Leakage Other than X^ 


X2 


Ilihi 




3 


HA 


V,N = Vdd 


Current High « « 




IUH2 




20 


PlA 


Input Leakage Other than X^ 


X2 


•lili 




-3 


i,A 


V,N = OV 


Current Low y « 
Xi, Xj 




IlIL2 




-20 


,.A 


Output Leakage Current High 




Iloh 




3 


iiA 


Vqut = Vdd 



Output Leakage Current Low 
















other than display 
outputs 


«LOL1 






-3 


|xA 


VouT = OV 




Display outputs 


•lou 






-10 


k-A 


Vqut = Vload = Vqd 
-35V 






-7 






mA 


Vdd = 4V 


S0-S7 






-15 






mA 


to6V; 
VpRE = Vdd 


T0-T15 


Display Output Current 


Iqd 


-3 






mA 


-9± IV® 


S0-S7 






-7 






mA 


Vqd = Vdd 
- 2V; 
VpRE - OV 


T0-T15 


Resistance 

(On-chip, pull-down resistor) 


Rl 


100 


150 


200 


kn 




















Vdd = 
















5V± 
















0.5V, 
















High 








600 


2000 


^A 




speed 




Iddi 










fx = 4.19MHz -^ 








200 


700 


IxA 




Vdo = 
3V± 
0.5V, 
Low 


Supply Current ® 














speed 














Vdd = 














Halt Mode 


5V + 








260 


800 


JxA 


(Low speed) 


0.5V 




'dD2 




120 


400 


J.A 


Ci=C2 

= 10pF 


Vdd = 
3Vd: 
0.5V 




10 |jiA Stop Mode 



Notes: See notes ®, ®, and ® after AC Characteristics tables 

AC Characteristics 

Ta = lOXto -J-TOX 

Clock Operation (Vdd = 2.5V to 6.0V) 





Symbol 


LimiU 




Test 




Min 


Typ iWax Unit 


Conditions 


System Clock Oscillation 
Frequency 


txx 


3.5 


4.19 


5.0 MHz 


Crystal Oscillation 


System Clock Input Frequency 


*x 


0.1 




5.0 MHz 




Xi,X2 Input Pulse Width, High 
and Low 


txH' hi 


100 




ns 


External Clock @ 




fg 






410 kHz 


VDD = 4Vto6V 






80 kHz 




EVENT Input Pulse Width, High 
and Low 


tEH. tEU 


1.2 
6.25 




M-S 
ftS 


VoD = 4Vto6V 



Note: See notes @ and ® after AC Characteristics tables 
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AC Characteristics (Cent.) 

Port 1 1/O Operation (Vdd = 2.5V to 6.0V) 



Symbol Min Typ Max Units 



Port 1 Output Set-up Time 
(toPsTst) 



*PST 



Port 1 Output Hold Time 
(after Pgfg f ) 



*STP 



Port Output IMode 



PsTsPu'se Width Low 



Wli 



Output Data Set-up Time 
(toPsTlT) 



toST 



Output Data Hold Time 
(after PsTit) 



Input Data Valid Time 
(after Pgffi ) 



tsTDV 



input Data Floating Time 
(after Pifgt) 



tsTDF 



I/O Expander Mode 
VDD = 4Vto6V 



Control Set-up Time 

(toPsTCJ) 



Control Hold Time 
Output Command 
Input Command 



P§T§ Pulse Width Low 



Wl2 



Serial Interface Operation (Vpo = 2.5V to 6.0V) 



Symbol Min Typ Max Unit 



Test 
Conditions 



SCK Cycle Time 



tKCY 



3.0 
12.5 
4.9 



- Input Vdd = 4V 
to6V 



- Output ^^-^^^ 



SCK Pulse Width High, Low 



1.3 
6.5 
2.2 
11.5 



- Input Vdd = 4V 
*^ to6V 



-°"<p<V" 



SI Set-up Time (to SCK f) 


300 






ns 


VDD = 4Vt0 6V 


'^^ 1000 






ns 




SI Hold Time (after SCK T) 


450 






ns 


VDD = 4Vt0 6V 


*'^^' 1000 






ns 




SO Output Delay Time 






850 


ns 


VDD = 4Vto6V 


(after SCK i ) 






2000 


ns 




Other Operation (Vdd 


= 2.5V to 6.0V) 










Limits 




Unit 


Test 


Parameter 


Symbol Min 


tVp 


Max 


Conditions 


INTo Pulse Width High, Low 


t|OH. t,OL 10 






IJ.S 




INTt Pulse Width High, Low 


t|1H. tML ® 






|jiS 




RESET Pulse Width High, Low 


tRSH.tRSL 10 






(JLS 





Notes: © Calculation of Total Power Consumption 
The |xPD7519 has three kinds of power consumption, the total for which 
should be less than the total power consumption (Pj) given in the specifi- 
cations. (Use under the condition that less than 80% of the specification 
is recommended.) 

1. Power consumption of CPU: VooCnriax) x Iqdi (max) 

2. The power consumption of output pins can be classified as normal 
output and display output. The total power consumption of each output pin 
to which the maximum current flows should be calculated. 

3. The power consumption of on-chip pull-down resistors (mask option) 
on display output lines. See following example: 

Example: 

Configuration 9 segments x 11 digits, 4 LED outputs 

Vdd = 5V ± 10% 

Segment pin = 5mA (max) 

Timing pin = 1 5mA (max) 

LED output pin = 10mA (max) 
Vacuum Fluorescent Display (Vlqad) = -30V 
CPU. 5 5V X 2 0mA = llmW . . . (1) 

Output Pins 

Segment pins' (5/7 x 2V) x 5mA x 9 = 64mw 
Timing pins 2V x 15mA = 30mw 
LED output pins (10/15 x 2V) x 10mA x 4 = 53mw 
Pull-down Resistors 
(30 + 5 5V)2 



@ Except Crystal Oscillation Circuit, Display Controller, Programmable 

Pulse Generator, and Port 1 . 
® The following circuits are recommended: 

Crystal 



PLPD7519 


Xi X2 




p 




C1I 


= = 


IC2 









Serial resistance equivalent to 
crystal is assumed less than 8012. 



External Clock 




High-speed 
CMOS Inverters 



External Clock 



The following external circuit is recommended: 




Note: RD91EL Zener diode (NEC) 

Zener voltage = 8.29V to 9 30V 



® Display Controller and Programmable Pulse Generator are 

not operated. 
® Refer to Operating Supply Voltage. 
® 28/fxor28/fxx. 



x 10 = 126mw 

icon 

Therefore 
Ft = (1) + (2) + (3) = 284mw 



(2) 
(3) 

3-92 



Timing Waveforms 

AC Test Points (Except Xi) 



" •' '00 -• ' 'D P 

0.3 VpD Points 0.3 Vdd 



Clock Timing 



X^ Input- 



EVENT Timing 



-1/fx- 






U 1/fE ^ 

-^tEL-Hh*-tEH-*1 



Strobe Output Timing 



Pio- Pi3 —(Output Data 

PSTB 



f**STL1*^ 



^PD7519 



Serial Interface Timing 



F^ 



^ 



K-tK5 



SO )[ Output Data )( 



Interrupt Input Timing 



INT, 
(Rising Edge Triggered) 



INT, 
(Falling Edge Triggered) 



RESET Input Timing 







Port 1 1/O Expander Timing 



Expander ^ Port Control <^ Output D 

Port 

Output 

Expands. , 
Port — y 

'"P"t C}*^CST*\ 

Port ControK -♦ 




Stop A/lode Low Voltage Data Retention 
Characteristics 

Ta = - lOXto +70°C 





Limits 


Unit 


Test 




Min Typ Max 


Conditions 


Data Retention Supply Voltage Vdddr 


2 6.0 


V 




Data Retention Supply Current Idddr 


10 


^lA 


Vdddr = 2 0V 


Reset Set-up Time tgRs 





^JlS 





Data Retention Timing 



-^4^ 



—Stop Mode- 
Data 
Retention -H 
Mode 



Execution of 
Stop Instruction 



3-93 



|ulPD7519 



Operating Characteristics 

Ta = 25''C, Typical 



Supply Current versus Supply Voltage 
lDDVsVDD(fxx = 4.19MHz) 



Supply Current versus External Clock Frequency 
Idd vs fx 























500 


High-speed Operating Mod^^'^ 

1 ^^'^ ^ 


^^ 




Low-spe 


ed Operating M 


ode,^^^igh- 
y^ Halt'lMode 


speed^^,--^ 


>ply Current, 

iDD(f^A) 

100 


Low-speed Hi 


ItlWIod^/^^ 


^ 






















50 




















1 X, X, 1 


10 






lOpFlb 419 


^-4 

MHz drIOpF 



Supply Current, 
300 




2.0 3.0 4 

External Clock Frequency, fx (MHz) 



3 4.0 5 

Supply Voltage, Vdd(V) 



Supply Current versus Clock Oscillation Frequency 
loovsfxx 



Segment Output Current versus Output Voltage 
Iqd vs (Vdd - Vod); (Vdd = 4V to 6V) 



Supply Current, 
'do (m^A) 



lOpF 



Xi 



lOpF 




1.0 2.0 3.0 4.0 

Cloclt Oscillation Frequency, fxx (MHz) 



Segment Output Current, 
'oD (mA) 




2.0 3.0 

Vdd- Vod. (V) 
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Operating Characteristics (Cent.) 

Ta = 25X, Typical 



|jlPD7519 



Timing Output Current versus Output Voltage 
loD vs (Vdd - Vod); (Vdd = 4V to 6V) 



Output Current Low versus Output Voltage Low 
loL vs Vol 



Timing Output Current, 
loD(fnA) 




Output Current High, 
•oh ("iA) 





Pacicage Outlines 

For information, see Pacicage Outline Section 7. 

Plastic Quit, |xPD7519G 

Plastic Shrinkdip, |jiPD7519CW 

QUIL Ceramic Piggyback, M.PD75CG19E 



Output Current High versus Output Voltage high 
Iqh ys (Vdd - ^oh) 



Output Current Low, 
•oL (mA) 



Vod = 6V 


/dq,= 5V 
Add = 4\ 


/ 




/ 


/ 




-Vdd = 3V 


lA 


y^ 


Vod 


= 2.5V 


r 









1.0 2 3.0 4.0 

Output Voltage Low, Vql (V) 



7519DS-REV1-8-83-CATL 
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Notes 
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NEC 



MPD7520 

4-BIT SINGLE CHIP 

MICROCOMPUTER WITH LED DISPLAY 

CONTROLLER/DRIVER 



Description 

The fiPD7520 is a low-cost 4-bit single chip microcom- 
puter which shares the 4th generation architecture of 
the fiPD7500 series of CMOS 4-bit microcomputers. It 
contains a 768 x 8-bit ROM and a 48 x 4-bit RAM. It 
has a 2-level subroutine stack, and executes a 47- 
instruction subset of the ;iPD7500 series instruction set. 
The /iPD7520 provides 24 I/O lines, organized into the 
4-bit input Port 1, the 4-bit I/O Port 4, the 2-bit output 
Port 3, the 8-bit output Port S, and the 6-bit output Port 
T. Ports S and T are controlled by the on-board pro- 
grammable LED display controller/driver hardware logic 
block, which automatically directly drives either static or 
multiplexed common-anode 7-segment LED displays 
totally transparent to program execution. The )l*PD7520 
is manufactured with a low-power consumption PMOS 
process, allowing use of a single power supply between 
-6V and - 10V, and is available in a 28-pin dual-in-line 
plastic package. 

Pin Configuration 



Pin Names 



P3lC 


1 




28 


D CLK 


P3oC 


2 




27 


3 RESET 


PI3C 


3 




26 


Hvqg 


PI2C 


4 




25 


Dso 


PI1C 


5 




24 


DS4 


PI0C 


6 




23 


DSi 


P43C 
P42C 


7 
8 


mPD 

7520 


22 
21 


DS5 
DS2 


P4lC 


9 




20 


DS6 


P4oC 


10 




19 


3 S3 


^5C 


11 




18 


3S7 


T4C 


12 




17 


3T0 


Tad 


13 




16 


D^l 


VssC 


14 




15 


3T2 



S0-S7 




T0-T5 


Digit Drive Output Port T 


PI0-PI3 


Input Port 1 


P3o-P3i 


Output Port 3 


P40-P43 


input/Output Port 4 


CLK 


Clocl( Input 


RESET 


Reset 


Vgg 




vss 


Ground 



Further details on device operation can be found in the 
f^PD7520 4-Bit Single Chip Microcomputer Technical 
Manual. 



Absoiute lyiaximum Ratings* 




Ta = 25<>C 


Operating Temperature 


-10»Cto+70«C 


Storage Temperature 


-65*0 to +150«C 


Supply Voltage, Vgg 


-15V to +0.3V 


Input Voltages 


-15V to +0.3V 


Output Voltages 


-15V to +0.3V 


Output Current (Iqh Total) 


-100mA 


(IQL Total) 


90mA 



* Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 
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Block Diagram 



2-Level Stack 

YT 



10-Bit Program Counter 



768 X 8-Bit 
Program 



\I7'K3 



V 



Instruction 
Decoder/ 
Controller 



Clock 
Generator 



<>r>Sr> 



L 
(4) 



<^ 



Ci 



48 X 4-Bit 

RAM \A K 



v.-^^ 



H 









Input 
Buffer 


(' 


\ 



0=]' 



V 



Latched 
Output 
Buffer 



2 y P30-1 



« 



LED Display Controller/Driver 



]J~1J 



So-7 



In/Out 
Latched 
Buffer 



7T 



(2} P40.1 

VV (T6.7) 

CO'''' 
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DC Characteristics 

Ta = -10«Cto -t-TO^C, Vqg ^ -6Vto - 10V, Vss = OV 



Output Current High 





Symbol 






Umlta 




Unit 






Mfn 




Typ 


Max 


Tast Conditions 




V|H 








-2.0 


V 


Vgg = -9V ± 1V 
Ports 1 , 4, RESET — ^^ 










-1.8 


Vqg = -6VtO -10V 


Input Voltage Low 


V|L 


vgg + 


1.5 






V 


p„.e..npcPT Vgg=-9V±1V 




Vgg + 


0.8 






Vgg = -6vto -10V 


Clock Voltage High 


V^H 








-0.8 


V 


CLK, External Clock 


Clock Voltage Low 


^L 


-5.0 








V 


CLK, External Clock 


Input Current High 


>IH 


45 






200 


mA 


>'i = ov,vgg=-9V±iv 




40 






200 


V| = OV, Vgg = -6vto -lov 


Input Leakage Current High 


•lih 








+ 5 


mA 


Port 4, V| = OV 


Input Leakage Current Low 


'LIL, 








-5 


mA 


Port 1, RESET, V| = -10V, Vgg = -10V 


•LIL2 








-5 


mA 


Port4, V| = -10V 


Clock Current High 


•*H 








0.5 


mA 


CLK, External Clock, V^h = OV, Vgg = -9V ± IV 


Clock Current Low 


'*L 








-2.1 


mA 


CLK, External Clock, V^l = -5V, Vgg = -9V ± IV 


Output Voltage Low 


Vol 


6 Vqg 








V 


Port 3, No Load 



'OHi 



Ports, 



vq = -1.0V, Vgg = -9v ± iv 
vq = -1.0V, Vgg = -6v 





-2.0 






Port 4, 


Vq = -1.0V, Vgg = -9V ± IV 




-1.2 






Vq = -1.0V, Vgg = -6v 




-5 


-10 




Ports, 


Vq = -2.0V, Vgg = -9V ± IV 


I0H3 


-3 


-6 


mA 


Vo = -2.0V, Vgg = -6V 




-1 


-3 




Vq = -1.0V, Vgg = -6VtO -10V 




'0H4 



Vq = -2.0V, Vgg = -9V ± IV 
PortT, Vo = -1.0V, Vgg = -9V ± IV 



Vq = -1.0V, Vgg = -6V 



Vo = Vgg + 1.5V, Vgg = -9v ± iv0 



Output Current Low 



'OL1 



Port 3, 



Vo 



= vgg 

= -4.5V, Vgg = -6V(1) 



•0L2 



Ports, 



Vo = Vgg + 5.0V, Vqg = -9V ±1V 

Vo = Vgg + 3.5V, Vgg = -evto -lov 



Output Leakage Current High 


'loh 




+ 5 


mA 


Ports 4, T, Vq = OV 




'LOL, 




-5.0 


HA 


PortT,Vo = -10V 




'LOL2 




-5.0 


Port 3, Vq = Vgg 


Supply Current 


'GG 


-5(D 


-9.8 


mA 


No Load 



Notes: 

(?) Current within 2.5 ms after turning to the low level {Tq = 25**C). 
(2) Ta = 25°C, Vgg = -9V. 



AC Cliaracteristics 

Ta = -10*CtQ +70**C, Vqg = -6Vto -10V 



Capacitance 

Ta = 25 •€ 



Paramater Symbol MIn Typ Max Unit Test Conditions 

Rf = 1MQ, 
225 300 375 KHz Vqq = -9V ± 1V, 

fosc T- = 25 OC 



Clock 
Frequency 



Clock Rise and 



Clock Pulse 
Width Low 



HWl 



Rf = IMS, 

Vgg = -9v ± IV 



330 KHz 



Fall Times 


tptf 




2 


IJS 


Clock Pulse 
Width High 


HWh 


1.5 


3 


f4S 



CLK, 
External Clock 



Parameter Symbol MIn Typ Max Unit Test Conditions 



Input 
Capacitance 


C| 


15 


PF 


Porti, 
RESET 




Output 
Capacitance 


Co 


20 


PF 


Ports 3, 
S,T 


f = 1MHz 


Input/Output 
Capacitance 


C|0 


20 


PF 


Port 4 


Clock 
Capacitance 


Cl 


30 


pF 


CLK 
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Clock Waveform 



vss 

V0H 




Development Tools 

The NEC Electronics U.S.A.'s NDS Development 

System is available for the development of software 

source code, editing, and assembly into object code. In 

addition, thq ASM75 Cross Assembler is available for 

systems supporting the ISIS-II or the CP/M (® Digital 

Research Corp.) Operating Systems. 

The EVAKIT-7520 Evaluation Board is available for 

production device evaluation and prototype system 

debugging. 

The ASM75-F9T Cross Assembler is available for 

systems supporting fortran IV ANSI Standard 

1966-V3.9. 



instruction Set Symbol Definitions 

The following abbreviations are used in the description of 
the mPD7520 instruction set: 



SYMBOL 


EXPLANATION AND USE 


A 


Accumulator 


address 


Immediate address 


C 


Carry Flag 


data 


Immediate data 


Dn 


Bit "n" of immediate data or immediate address 


H 


Register H 


HL 


Register pair HL 


L 


Register L 


P( ) 


Parallel Input/Output Port addressed by the value 
within the brackets 


PCn 


Bit "n" of Program Counter 


8 


Zero when Skip Condition does not occur; the number 
of bytes in next instruction when Skip Condition 
occurs 


Stack 


Stack Register 


String 


string Effect Skip Condition, whereby succeeding 
instructions of the same type are executed as NOP 
instructions 


( ) 


The contents of RAM addressed by the value within 
the brackets 


. . The contents of ROM addressed by the value within 
^ ^ the brackets 


*- 


Load, Store, or Transfer 


** 


Exchange 


- 


Complement 


y- 


LOGICAL Exclusive-OR 



Instruction Set 


























FUNCTION 


DESCRIPTION 






INSTRUCTION CODE 






BYTES 


SKIP 


MNEMONIC 


D? 


D6 


05 


D4 


03 


02 


Dl 


Do 


CYCLES CONDITION 


LOAD 


LAI data 


A-P3.0 


Load A with 4 biti of imme- 
diate data, execute succeeding 
LAi instructions as NOP 
Instructions 











1 


D3 


D2 


Dl 


Do 


1 


1 String 


LHI data 


H-D1.0 


Load H with 2 bits of imme- 
diate data 








1 





1 





Dl 


Do 


1 


1 


LHLI data 


HL^D4.o 


Load HL with 5 bits of 
immediate data, execute 
succeeding LHLI instructions 
as NOP instructions 


1 


1 





D4 


D3 


D2 


Dl 


Do 


1 


1 String 



A *- [PC9.6, 0, C, A] H Load the upper 4 bits of ROM 
Table Data at address 
PC9.6. 0, C, A to A 

(H L) ->- [PCg^, Load the lower 4 bits of ROM 

0, C, A] L Table Data at address 

PCg-e, 0, C, A to the RAM 
location addressed by HL 



L 


A^(HL) 


Load A with the contents of 
RAfy^ addressed by HL 





1 





1 








1 





1 


1 




LIS 


A^(HL) 
L= L-t-l 
Skip if L = OH 


Load A with the contents of 
RAM addressed by HL, incre- 
ment L, skip if L = OH 





1 





1 











1 


1 


1 -^S 


L = OH 


LOS 


A^IHL) 
L= L-1 
Skip If L= FH 


Load A with Ihe contents of 
RAM addressed by HL, 





1 





1 














1 


1 H-S 


L= FH 


LADR address 


A*-(D5.o) 


Load A with the contents of 
RAM addressed by 6 bits of 
immediate data 










1 
D5 


1 
04 


1 
D3 



02 



Dl 



Do 


2 


2 





3-100 



HPD7520 



Instruction Set (Cont.) 





FUNCTION 


DESCRIPTION 






INSTRUCmON CODE 






BYTES 


CYCLES 


SKIP 


MNEMONIC 


I>7 


D6 


D5 


n4 


D3 


D2 


Dl 


Do 


CONDITION 


STORE 


ST 


(HL)^A 


Store A into the RAM location 
addressed by H L 





1 





1 





1 


1 


1 


1 


1 




ST II data 


(HL) -^03.0 
L«-L + 1 


Store 4 bits of imnnediate data 
into the RAM location 
addressed by HL; increment L 





1 








D3 


D2 


Dl 


Do 


1 


1 




EXCHANGE 


XAH 


Al-O^Hi.o 
A3.2 ^ OOH 


Exchange A with H 





1 


1 


1 


1 





1 





1 


1 




XAL 


A--L 


Exchange A with L 





1 


1 


1 


1 





1 


1 


1 


1 




X 


A-(HL) 


Exchange A with the contents 
of RAM addressed by HL 





1 





1 





' 


1 





1 


1 




XIS 


A*-(HL) 
L^L + 1 
Skip If L = OH 


Exchange A with the contents 
of RAM addressed by HL; 
increment L, skip if L = OH 





1 





1 





1 





1 


1 


1 +S 


L = OH 


XDS 


A-(HL) 
Skip If L = FH 


Exchange A with the contents 
of RAM addressed by HL; 
decrement L; skip if L = FH 





1 





1 





1 








1 


1 +S 


L=FH 


XADR address 


A - (D5.0) 


Exchange A with the contents 
of RAM addressed by 6 bits of 
immediate data 










1 

D5 


1 

D4 


1 

D3 



D2 



Dl 


1 

Do 


2 


2 




ARITHMETIC AND LOGICAL 


AISC data 


A *- A + D3.0 
Skip if overflow 


Add 4 bits of immediate data 
to A, Skip if overflow is 
generated 














D3 


D2 


Dl 


Do 


1 


1 +S 


Overflow 


ASC 


A^A+ (HL) 
Skip if overflow 


Add the contents of RAM 
addressed by HL to A; skip if 
overflow is generated 





1 


1 


1 


1 


1 





1 


1 


1 +S 


Overflow 


ACSC 


A, C-^ A + (HL) + C 
Skip If C = 1 


Add the contents of RAM 
addressed by HL and the carry 
flag to A, skip if carry is 
generated 





1 


1 


1 


1 


1 








1 


1+S 


= 1 




Perform a LOGICAL 
Exclusive— OR operation 
between the contents of 
RAM addressed by HL and 
A , store the result in A 



ACCUMULATOR AND CARRY FLAG 


CMA 


A-A 









1 


1 


1 


1 


1 


1 


1 


1 


1 




RC 


C*-0 




Reset Carry Flag 





1 


1 


1 


1 











1 


1 




SC 


C*-l 




Set Carry Flag 





1 


1 


1 


1 








1 


1 


1 




INCREMENT AND DECREMENT 


ILS 


L^L + 1 
Skip if L = OH 




Increment L. 
Skip if L = OH 





1 





1 


1 








1 


1 


1+S 


L = OH 


IDRS address 


<D5^) *- (D5.0) 
Skip if (D5^) = 


+ 1 
OH 


Increment the contents of 
RAM addressed by 6 bits of 
immediate data; Skip if the 
contents = OH 










1 

D5 


1 
D4 


1 
D3 


1 

D2 



Dl 


1 
Do 


2 


2 + S 


(Db^) = OH 


DLS 


L^L-1 
Skip if L = FH 




Decrement L; 
Skipif L=FH 





1 





1 


1 











1 


1+S 


L=FH 


DDRS address 


(D5-0) - <D5.o) 
Skip If (D^^) = 


-1 
FH 


Decrement the contents of 
RAM addressed by 6 bits of 

contents = FH 










1 
D5 


1 
D4 


1 
D3 


1 
D2 



Dl 



Do 


2 


2 + S 


(D5-0) = FH 


BIT MANIPULATION 


RMB data 


(HL)bit^O 




Reset a single bit (denoted by 
D1D0) of the RAM location 
addressed by HL to zero 





1 


1 





1 





Dl 


Do 


1 


1 




SMB data 


(HL)b,t-1 




Set a single bit (denoted by 
DiDq) of the RAM location 
addressed by HL to one 





1 


1 





1 


1 


Dl 


Do 


1 


1 




JUMP. CALL, AND RETURN 


JMP address 


PCg^ *- Dg^ 




Jump to the address specified 



D7 



D6 


1 

D5 



D4 



D3 



D2 


D9 
Dl 


Da 

Do 


2 


2 




JAM data 


PC9-8 ^ Di-o 

PC7^*-A 

PC3.o^(HL) 




•lump to the address specified 

and the RAM contents 
addressed by HL 










1 



1 
1 


1 



1 



1 
Dl 


1 
Do 


2 


2 
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Instruction Set (Cont.) 





FUNCTION 


DESCRIPTION 


INSTRUCTION CODE 






BYTES 


CYCLES 


SKIP 


MNEMONIC 


D7 D6 I^ D4 D3 


D2 


Dl 


Do 


CONDITION 


JUMP, CALU AMD RETURN 


JCP address 


PC5-0^D5^ 


by the higher-order bits PCg^ 
of the PC, and 6 bits of 


1 D5 D4 D3 


D2 


Di 


Do 


1 


1 





C A L L address STAC K -h- PC + 2 
PCg^ -e- D9.0 



Store a return address (PC + 2) 
m the stack; call the subroutine D7 
program at the location speci- 
fied by 10 bits of immediate 
data 






1 


1 








Dg 


D8 


D6 


D5 


D4. 


D3 


D2 


Dl 


Do 



STACK -^ PC + 1 
PC9.0-OID4D3 

OOOD2D1D0 



Store a return address (PC + 1 ) 
in the stack; call the subroutme 
program at one of the 32 spe- 
cial locations specified by 5 
bits of immediate data 



1 



D4 D3 D2 Dl Do 



RT 
RTS 


PC *~ STACK 

PC -STACK 

Skip unconditionally 


Return from Subroutine 

Return from Subroutine; skip 
unconditionally 






1 
1 






1 
1 




1 






1 
1 


1 
1 


1 1 
1 1 +s 


Unconditional 


SKIP 


SKC 


Skip if C = 1 


Skip if carry flag is trufe 





1 





1 


1 





1 





1 1 +s 


C=1 


SKMBT data 


Skipif (HL)b,t=1 


Skip if the single bit (denoted 
by D1D0) of the RAM loca- 
tion addressed by HL is true 





1 


1 








1 


Dl 


Do 


1 1 +s 


lHL)b,t=1 


SKMBF data 


Skipif (HL)bit = 


Skip if the single bit (denoted 
by Dl Do) of the RAM loca- 
tion addressed by HL is false 





1 


1 











Dl 


Do 


1 1 +s 


(HL)bit = 


SKABT data 


Skip if Abit = 1 


Skip if the single bit (denoted 
by D-iOq) of a is true 





1 


1 


1 





1 


Dl 


Do 


1 1 +s 


Abit = 1 


SKAEI data 


Skip if A = data 


Skip if A equals 4 bits of 
immediate data 








1 


1 
1 


1 




1 

D3 


1 

D2 


1 
Dl 


1 
Do 


2 2 + S 


A = data 


SKAEM 


Skipif A =(HL) 


Skip if A equals the RAM con- 
tents addressed by HL 





1 





1 


1 


1 


1 


1 


1 1 +S 


A= (HL) 


PARALLEL I/O 


IPL 


A-P(L) 


Input the Port addressed 
by L to A 





1 


1 


1 














1 1 




IP1 


A*- PI 


Input Port 1 to A 





1 


1 


1 











1 


1 1 




GPL 


P(L)*-A 


Output A to the port 
addressed by L 





1 


1 


1 








1 





1 1 




OPS 


P3-Ai^ 


Output the lower 2 bits of A 
to Port 3 





1 


1 


1 








1 


1 


1 1 




CPU CONTROL 


NOP 




Perform no operation; con- 
sume one machine cycle 


























1 1 





Package Outlines 

For information, see Paclcage Outline Section 7. 



Plastic, fjiPD7520C 

Plastic Shrinkdip, ^.PD7520CT 
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SEC 



|xPD7527/7528/7537/7538 

CMOS 4-BIT SINGLE-CHIP 

MICROCOMPUTER WITH VACUUM 

FLUORESCENT DISPLAY 

DRIVE CAPABILITY 



Description 

The M.PD7527/28 and the |xPD7537/38 are pin-compatible 
CMOS 4-bit single-chip microcomputers which have the 
same |jlPD750X architecture. 

The M.PD7527/37 contains a 2048 x 8-bit ROM, and a 128 x 
4-bit RAM. The |jiPD7528/38 contains a 4096 x 8-bit ROM, 
and a 160 X 4-bit RAM. 

Both the |jlPD7527/28 and the ^xPD7537/38 contain two 
4-bit general purpose registers located outside RAM. The 
subroutine stack Is implemented in RAM for greater depth 
and flexibility. The ^jlPD7527/28 and ^jlPD7537/38 typically 
execute 67 instructions of the |xPD7500 series A instruction 
set with a 5|xs instruction cycle time. 
The |jlPD7527/28 and the |jlPD7537/38 have one 
external and two internal edge-triggered hardware vec- 
tored interrupts. They also contain an 8-bit timer/event 
counter and an 8-bit serial interface to help reduce soft- 
ware requirements. 

Both the |jlPD7527/28 and the |xPD7537/38 provide 31 I/O 
lines organized into the 4-bit input/serial interface Port 0, 
the 3-bit Port 2, the 4-bit Port 3, and the 4-bit I/O Ports 1, 4, 
5, 8, 9, 10 and 11 . They are manufactured with a low power 
consumption CMOS process, allowing the use of a power 
supply between 2.7V and 5.5V. Current consumption is 
less than 900fxA maximum, and can be lowered much 
further in the Halt and Stop power-down modes. The 
|xPD7527/28 and |jlPD7537/38 are available in a 42-pin 
dual-in-line plastic package. 

The |xPD7527/28 and M.PD7537/38 are upward compatible 
with other members of the |jlPD75xx product family 
For prototyping work, and as an aid to program development, 
there are piggyback EPROM versions for both devices: the 
75CG28E and 75CG38E. These are pin-compatible and 
functionally compatible with the final, masked versions of 
the devices. 



Pin Configuration 



RESET 
CL, 
CLa 

VpRE 
^LOAD 

PSa 
PS, 
P5i 
P5o 

P23 

P22 
P2i/Ptout 
PIO3 
PIO2 
PIO1 
PIO0 
PII3 
PII2 
PII1 
PII0 



jjlPD 
7527/ 
7528/ 
7537/ 
7538/ 



42 1 Vss 
41DPO0/INT0 
40 2 PO1/SCK 
39 3 POj/SO 
38 D PO3/SI 
37 D P3o 
36 3 P3i 
35 1 P32 
34 2 P33 
33 3 P4o 
32 D P4i 
31 3 P42 
30 3 P43 
29 3 P80 
28DP81 
27 3 P82 
26 3 P83 
25 3P9o 
24 3 P9i 
23 3 P92 
22 3 P93 




Pin Identification 



Pin 


No. 


Symbol 


Function 


1 


RESET 


Reset input (active higti). R/C circuit or pulse initializes 


2,3 


CLi, CLa 


System clock oscillator. CL^ is the input and CLj 
the output. 


4 


VpRE 


Power supply input for the high voltage output 


5 


Vload 


Power supply common input for output load resistors. 


6, 7, 8, 9 


P5o-P53 


Input/output Port 5 


10,11,12 


P2i/Ptout 

P22-P23 


Port 2, bit 3 output, and timer output. 
Output Port 2, bits 2 and 3. 


13,14,15,16 


P100-P103 


Input/output Port 10. 


17,18,19,20 


P110-P113 


Input/output Port 11. 


21 


Vdd 


Positive power supply. 


22,23,24,25 


P90-P93 


Output Port 9. 


26,27,28,29 


P80-P83 


Output Port 8. 


30,31,32,33 


P40-P43 


Output Port 4. 


34, 35, 36, 37 


P3o-P33 


Output Port 3. 


38, 39, 40, 41 


POq/INTo 
PO1/SCK 
POj/SO 
PO3/SI 


4-bit input Port 0/serial I/O interface. This port can be 
configured either as a 4-bit parallel input port, or as the 
8-bit serial I/O interface, under control of the serial mode 
register. The serial input SI, serial output SO, and the 

transfer comprise the 8-bit serial I/O interface. 


42 


Vss 


Ground. 
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Block Diagram 



POo/ 


INTo 












PO,/ 
INTo 


SCK PC 
PO2/SO 

1 


/SI 








POo 




CP 


















Zero- 
Cross 
Detector 




Clock 
Control 


Timer/Event 
Counter 




Interrupt 
Control 




Serial 
Interface 






r 

CL 


















0^ 


Tout 













n 



Program Counter 



H 



Program Memory 



7\ 




^ 



instruction 
Decoder 



CL * 

t t 




System 

Clock 

Generator 


Standby 
Control 









CL, CL2 



I I I 



2 



A (4) 



General Registers 



H(4) 



L(4) 



Stack Pointer (8) 



H 



Data IMemory 



'PRE »tOAI 

II 



c 



Porto 
Buffer 



CD' 



IPOo-PO, 



o 



o 



I \r Buffer 1/ ''tout"*2i 



O ssSr CO-*"-"' 



I K Port 3 K 



-P3, 



O Si 0>'^-'=' 



Ports 
Latcli 
Buffer 



^"^ ' 



P8, 



Port 9 
Latch 
Buffer 



X> 



pi.-pi. 



O S <A>'^-'^ 



O S O^-^^---^'^ 



Distinguishing Features 





^PD7527 


(JIPD7528 


(JLP07537 


fxPD7538 


Type of Oscillator (CLi.CLa) 


R/C 


R/C 


Crystal 


Crystal 


Program Counter 


11 bits 


12 bits 


11 bits 


12 bits 




2048x8 


4096x8 


2048x8 


4096 X 8 


Data Memory 


128x4 


160x4 


128x4 


160x4 


Number of Instructions 


67 


67 


66 


66 



Pacicage Outlines 

For information, see Pacicage Outline Section 7. 

Plastic, fjLPD7527C/28C/37C/38C 

Plastic Shrinkdip, jjiPD7527C 28C 37C 38C 

Ceramic Piggyback, |xPD75CG28E/CG38E 



AAasic Options 

POo/INTo 



Ports 2i -23,30-83, 
4o~'43, 00—03, Oq— O3, 

9o-93, IO0-IO3, 11 0-11 3 optional pull-down load 
resistors at the bit level. 



This input, as a mask option, 
can be altered from a standard 
digital CMOS input to a zero- 
crossing detector. 
These I/O ports can 
selectively be provided with 



7527/28/37/38 DS-7-83-CAT-L 
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MPD7500 

CMOS 4-BIT MICROPROCESSOR 

fiPDTSOO SERIES ROM-LESS 

EVALUATION CHIP 



Description 

The /LiPD7500 is a CMOS 4-bit microprocessor wliich 
has the mPD750x architecture, and also functions as the 
iaPDISOO series ROM-less evaluation chip. 
The fiPD7500 contains a 256 x 4-bit RAM, and is 
capable of addressing up to 8192 x 8-bits of external 
program memory. 

The ^PD7500 contains four 4-bit general purpose 
registers located outside RAM. The subroutine stack is 
implemented in RAM for greater nesting depth and flex- 
ibility, providing such operations as the pushing and 
popping of register values. The ^PD7500 typically exe- 
cutes either all 110 instructions of the ^PD7500 series 
"A" instruction set, or all 70 instructions of the 
jL(PD7500 series "B" instruction set with a lOfiS instruc- 
tion cycle time. 

The jLtPD7500 has three external and two internal edge- 
triggered hardware vectored interrupts. It also contains 
an 8-bit timer/event counter and an 8-bit serial interface 
to help reduce software requirements. A display timing 
pulse is also provided when emulating the /iPD7501, 
MPD7502, the mPD7503, or the mPD7519. 

The /iPD7500 provides 32 I/O lines organized into the 
4-bit input/serial interface Port 0, the 4-bit output Port 2, 
the 4-bit output Port 3, and the 4-bit I/O Ports 1 , 4, 5, 6, 
and 7. It is manufactured with a low power consumption 
CMOS process, allowing the use of a single + 5V power 
supply. Current consumption is less than QOO^A max- 
imum, and can be lowered much further in the HALT 
and STOP power-down modes. The mPD7500 is avail- 
able in a 64-pin quad-in-line plastic package. 
Pin Configuration 



vss 

3 BUS? 

BUS6 
3BUS5 

BUS4 
3BUS3 

BUS2 
3BUS1 

BUSo 
3P13 

P12 
3P11 

P10 

^"^^ 

CSOUT 
3 LCD C L 

PSEN 
3 P20/PSTB 

P21/PT0UT 
3P22 

P23 
3 PO3/SI 

PO2/SO 

3 PO1/SCK 

POO 
J NC 

ALE 
3 DSDT 

P33 
3 P32 

P31 
3 P3o 



Pin Names 



X1 cz 


1 


^V.^^ 


64 


X? r-:: >. 


2 




63 


TEST CZ 


3 




62 


BUSrI 


4 




61 


BUS9 CZ 


5 




60 


Busm r 


6 




59 


BUS11 CZ 


7 




58 


BUSi? L ,„ „ 


8 




57 


BUS13 en 


9 




56 


P40L. 


10 




55 


P41 CZ 


11 




54 


P42l— J 


12 




S3 


P43 cz: 


13 




52 


P5oL3 


14 


MPD 


51 


P5l CZ 


15 


50 


P52i 


16 


7500 


49 


P53 CZ 


17 




48 




18 




47 


P6i d 


19 




46 


P62I 


20 




45 


P63 CI 


21 




44 


P7ol 


22 




43 


P71 CZ 


23 




42 


P72l 


24 




41 


P73 CZ 


25 




40 


INT1 t 


26 




39 


INTO CZ 


27 




38 




28 




37 


RESET CZ 


29 




36 


CL2I 


30 




35 


CLi CZ 


31 




34 


vno 1 , 


32 




33 





Pin 




No. 


Symbol 




1,2 


X2.X1 


Crystal clock/external event input Port X (active high). A 
crystal oscillator circuit Is connected to input Xi and output 
X2 for crystal cloci< operation. Alternatively, external event 
pulses are connected to input Xi while output X2 is left open 
for external event counting. 


3 


TEST 


Factory test pin (connect to Vss). 


4-9, and 
56-63 


BUS0-BUS13 


External data bus (active high). Connected to external pro- 
gram memory. 


10-13 


P40-P43 


4-bit Input/latched tri-state output Port 4 (active high). Can 
also perform 8-bit parallel I/O in conjunction with Port 5. 


14-17 


P50-P53 


4.blt input/latched tri-state output Port 5 (active high). Can 
also perform 8-bit parallel I/O in conjunction with Port 4. 


18-21 


P60-P63 


4-bit input/latched tri-state output Port 6 (active high). Indi- 
vidual lines can be configured either as inputs or as outputs 
under control of the Port 6 mode select register. 


22-25 


P70-P73 




26 


INT1 


triggered interrupt. 


27 


INTq 


External Interrupt INTq (active high). This is a rising edge- 
triggered interrupt. 


28 


INT2 


External inten-upt INT2 (active high). This is a rising edge- 
triggered interrupt. 


29 


RESET 


MPD7500 after power-up. 


30,31 


CLi,CL2 


System clock input (active high). Connect 82KQ resistor 
across CL-j and CL2, and connect 33pF capacitor from CL^ to 
Vss- Alternatively, an external clock source may be con- 
nected to CL-i, whereas CL2 is left open. 


32 


Vdd 


2.7V to 5.5V for proper operation. 


33-36 


P30-P33 


4-bit input/latched tri-state output Port 3 (active high). 


37 


doOt 


Data output (active low). 


38 


ALE 


Address latch enable (active high). 


39 


NC 


No connection. 



51 




POq 4-bit input Port 0/serial I/O interface (active high). This port 
POi/SCi< C3" ^ configured either as a 4-bit parallel input port, or as 
pn /ert ^*^^ ^'^*^ ^^^^ '^^ interface, under control of the serial mode 
i'U2/&u g^i^^^ register. The Serial Input SI (active high). Serial Output 
PO3/SI SO (active low), and the Serial Clock SCK (active low) used 
for synchronizing data transfer comprise the 8-bit serial I/O 
interface. 

P2o-P23 4-bit latched tri-state output Port 2 (active high). Line P2o is 

P2n/P«TR ^'^° shared with PsTB' ^1^^ P*"^ 1 output strobe pulse (active 

DO /o low)- "-ine P2i is also shared with PTniix' t*^® timer-out F/F 

•^^1'*^TouT signal (active high). ""' 

PSEN Program store enable (active low). 



DISPLAY timing pulse (active high). 



Chip select output (active low). Connected to mPD82C43. 



STB 



STROBE output (active low). Connected to mPD82C43. 



52-55 PI0-PI3 



4-bit input/tri-state output Port 1 (active high). Data output to 
Port 1 is strobed in synchronization with a P2o/PsTB Pulse. 
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Block Diagram 
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Absolute Maximum Ratings* 



Ta = 25'C 


Operating Temperature 


-10°Cto +70«C 


Storage Temperature 


-65*»Cto +150''C 


Power Supply Voltage, Vqd 


-0.3V to +7.0V 


All input and Output Voltages 


-0.3VtoVDD +0.3V 


Output-Current (Total, All Output Ports) 


Iqh = -20mA 
lOL = 50mA 



* Comment: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 



DC Characteristics 

Ta = -10'Cto +70»C, Vdd = 5V ± lO'/o 





r Symbol 




Limits 


Unit 




Parameta 


Mill 


Typ 


Max 




Input 
Voltage 


V,H, 


0.7 Vdd 




Vdd 


V 


All Inputs Other than 
CLi.Xi 




V,H2 


Vdd -0.5 




Vdd 


CLi,Xi 


Input 
Voltage 


V,Li 







0.3 Vdd 


V 


All Inputs Other than 
CLi.Xi 




V,L2 







0.5 


CLi,Xi 


Input 
Leakage 


'lIhi 






3 


mA 


All Inputs Other Vi = Vrd 
thanCLi,Xi 




'L'h2 






10 


CLi,Xi 


Input 
Leakage 
Current 
Low 


'Liu 






-3 


mA 


All Inputs Other V| = OV 
thanCLi,Xi 


'L.L2 






-10 


CLi,Xi 


Output 
Voltage 
High 


VOH 


Vdd - 10 






V 




Output 
Voltage 
Low 


Vol 






0.4 


V 




Output 
Leakage 
Current 
High 


'loh 






3 


mA 


vo = Vdd 


Output 
Leakage 
Current 
Low 


'LOl 






-3 


^ 


Vq = 0V 




IDD, 






2 


mA 


Normal Operation 
All Output Pins Open 
No BUS Conflicts 


Supply 
Current 






2 


20 


f^A 


Stop Mode, Xi = OV 






0.4 


10 


Data Retention Mode 
VdDdr = 20V 



Capacitance 

Ta = 25'C, Vdd 



OV 



TVp Max Unit Tast Conditions 



Input 



C|N 



Output Capacitance 



AC Characteristics 

Ta = -lO" ~ +70<'C, Vdd = 5V ± 10% 
Clock Operation 





Symbol 




Limits 




Unit 




Paramatar 


MIn 


ryp 


Max 




System Clock 
Oscillation Frequency 


H 


120 


200 


280 


KHz 


R = 82kQ ± 2% 
C = 33pF ± 5% 


V 


10 




300 


KHz 


CLi, External Clock 


CLi Input Rise Time 


tCR 






0.2 


^.s 




CLi Input Fall Time 


tCF 






0.2 


MS 




CL^ Input Clock Width 
(High) 


tCH 


1.5 






MS 




CLi Input Clock Width 
(Low) 


tCL 


1.5 






MS 




Count Clock 
Oscillation Frequency 
(X1.X2) 


txx 




32 




KHz 


Xtal Oscillation 


Count Clock 

Input Frequency (X-)) 


tx 







300 


KHz 




Xi input Rise Time 


tXR 






0.2 


MS 




Xi Input Fail Time 


tXF 






0.2 


MS 




Xi Input Clock Width 
(High) 


tXH 


1.5 






MS 




Xi Input Clock Width 
(Low) 


tXL 


1.5 






MS 




Bus I/O Operation 




Symbol 


Umlis 




Unit 




Parameter 


MIn 


Typ 


Max 


Tast Conditions 


ALE Pulse Width 
(High) 


tLH 


600 






ns 




Address Setup Time 
to ALEi 


tAL 


200 






ns 




Address Hold Time 
atter ALE; 


tLA 


100 






ns 




Output Data Setup 
TimetoDOUTt 


tDDO 


200 






ns 




Output Data Hold 
Time after DOUTt 


tDOD 


100 






ns 




DOUT Pulse Width 
(Low) 


tDOL 


600 






ns 




ALE - Data Input 
Valid Time 


tLDV 






700 


ns 




Address ^ Data Input 
Valid Time 


^ADV 






900 


ns 




PSEN Pulse Width 
(Low) 


tpSL 


1200 






ns 




PSEN -* Data Input 
Valid Time 


tpSDV 






600 


ns 




PSEN - Data Float 


*PSDF 









ns 






Cqut 



I/O Capacitance 



C|0 



_1 Unmeasured pins 

P returned to V9S 
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Port 1 I/O Operation 



Symbol MIn Typ Max Unit Test Conditions 



Port 1 O utpu t Setup 
Time to STBt 



Port 1 Output Hold 
Time atter STBt 



STB Pulse Width 
(Low) 



Output Data Setup 
Time to STBt 



Output Data Hold 
Time after STBt 



STBi -* Input Data 
Valid Time 



STBi - Input Data 
Float Time 



Co ntro l Setup Time 
to STBi 



Cont rol H old Time 
after STB; 



STB Pulse Width 
(Low) 



CSOUT Setup Time 
to STB4 



CSOUTHold Time 
after STBI 



tpST 



tSTLi 



»DST 



*STD 



♦STDV 



^STDF 



-*CST 



»STC 



»STL2 



*CSST 



*STCS 



ns Port Output IMode 



ns I/O Expander Mode 



Other Operations 





Symbol 




Limits 




Parameter 


MIn 


Typ Max 


Unit Test Conditions 


INTo Pulse Width 
High 


%» 


10 




MS 


INTq Pulse Width 
Low 


%"- 


10 




MS 


INTi Pulse Width 
High 


»'1H 


2/f^ 




MS 


INT^ Pulse Width 
Low 


tHL 


2/f^ 




MS 


INT2 Pulse Width 
High 


t|2H 


2/f^ 




MS 


INT2 Pulse Width 
Low 


t|2L 


2/f^ 




MS 


RESET Pulse Width 
High 


tRSH 


10 




MS 


RESET Pulse Width 
Low 


tRSL 


10 




MS 



Seriai Interface Operation 










LImIti 


Unit 




Parameter Symboi MIn 


Typ Max 





SCK Cycle Time 



^KCY 



MS Input 







6.7 


MS 


Output 


SCK Pulse Width 


tKH 


1.8 


MS 


Input 


High 


3.0 


MS 


Output 


SCK Pulse Width 


tKL 


1.8 


MS 


Input 


Low 


3.0 


MS 


Output 


SI Setup Time 
to SCKt 


tSIK 


300 


ns 




SI Hold Time after 
SCKt 


tKSI 


450 


ns 




SO Output Delay after 
SCKt 


tKSO 




850 ns 
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Clock Timing Waveforms 



^. 



Xi Input - 



^. 



Bus I/O Timing Waveforms 



BUSo,7 _ 
BUS1O-I3 



BUSo_7 
BUS10-I3" 



"^ 



X 



"A- 



/ 



<: 



) ( t -- X ) ( 



\ 



« 



'\ 



/ 



< 



Data In y 



MPD7500 
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Strobe Output Timing Waveforms 



P10-P13- 



\ ,i 



Port 1 I/O Expander Port Timing Waveforms 



Expander 

Port 

Output 



Expander 

Port 

Input 



< 



^. 






^. 



Output Data 






- tSTLo 



-^ ' Input C 



■">- 



Seriai interface Timing Waveforms 



^. 



i Input Data V 



J. 



Output Data 



A 



X 
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Interrupt Input Timing Waveforms 



(Rising Edge Triggered) - 



.INTi 
(Rising Edge Triggered) _ 



INT-i 
(Falling Edge Triggered)- 



INT2 

(Rising Edge Triggered) _ 



^. 



/ 



^. 



A 



J 



-r 



f 



V 




RESET Input Timing 



\ 



Operating Characteristics 

Typlcal.Ta = 25«>C supply Current 









System Clock Oscillation Frequency 
(Note ® ) 






1 CL2 CLi 1 


Vdd = 5.0V 








250 


^ 














M^ 


;C 










200 

1 


f 








C = 39pF 






c = loopF i; = &bp»- 


^ ^ 


^ 


3 

s 




/ 




^^^ 


,.^-^^= 2 


PF 


1 150 
3 




X 


^.< 


^^.^^^^ 








/ X 


^^ 








1 


4. 


^ 


'^ 








100 


























50 



























System Clock Oscillation Frequency 

vs 

Resistance 









1 CL2 CL1 1 








R 

C = 33pF :j: 
m 






^ 


Vdd = 5v 










\ 


\ 




U. 











100 200 300 400 500 

Oscillation Frequency f<|> (KHz) 



50 100 200 

Resistance R (K ohms) 



Note: 

Only R/C system clock is operating and consuming power. All other internal logic blocks are 
not active 
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Package Outlines 

For information, soo Paclcago Otifiino Soction 7. 

Plastic Quit, m,PD7500G Evaluation Cliip 
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SEC 



MC-430P 



HYBRID UV EPROM 

4-BIT SINGLE CHIP MICROCOMPUTER 

DESCRIPTION The MC-430P is a hybrid chip containing a jliPD556B ROM-less Evaluation chip, a 

/iPD2716 2K X 8-bit UV EPROM, a mPC7905 3-terminal voltage regulator, and pull-up 
resistors on the same ceramic substrate. The MC-430P is pin-compatible with the 
/xPD546C//iPD547C, and can emulate the high-voltage drive or CMOS mCOM-4 micro- 
computers with the corresponding I/O line buffers. 

The MC-430P contains a 2048 x 8-bit UV EPROM and a 96 x 4-bit RAM which 
includes six working registers and the flag register. It has a level-triggered hardware 
interrupt, a three-level stack, and a programmable 6-bit timer. The MC-430P executes 
all 80 instructions of the extended juCOM-4 family instruction set. 



PIN CONFIGURATION 



The MC-430P provides 35 I/O lines organized into the 4-bit input ports A and B, the 
4-bit I/O ports C and D, the 4-bit output ports E, F, G, and H, and the 3-bit output 
port I. It typically executes its instructions with a 10jus instruction cycle time. The 
MC-430P is manufactured with a standard PMOS process, allowing use of a single 
-10V power supply, and is available in a 42-pin dual-in-line ceramic hybrid package. 




CLiC 1 
PCoC 2 

PCiC 3 
PC2C 4 
PC3C 5 
WfC 6 
RESET C 7 
PDoC 8 
PDiC 9 
PD2C 10 
PD3C 11 
PEOC 12 
PEiC 13 
PE2C14 
PE3C15 
PF0CI6 
PF1C17 
PF2C 18 
PF3C19 
TEST [120 
VSSC21 



MC-430P (PIN COMPATIBLE 
WITH juPD546/juPD547) 



MC 
430P 



42 3 CLo 

41 IJvgg 

4ODPB3 
39DPB2 
DPBl 
3"PBo 
IIPA3 
DPA2 
DPAi 
DPAo 
DPI2 

Dpii 

DPIO 
29 2 PH3 
28 3PH2 
27nPHi 
26 3 PHo 
25 J PG3 
24 3 PG2 
233PG1 
22 1 PGO 



EPROM WRITE PADS (mPD2716) 



A70— CT] 

Aso-H-m 
A3 0-'{r] 

AzO-^fel 

A1O— {T] 

Aoo— -1X3 

ooO-«{T] 
OiO«{jo] 

02 0-01] 
GND O — {jz] 



fl^l QVcc 

[23]— OAg 

nrt'-oAg 

OJ}— OVpp 
Qo}— OOE 
QTJ^-OAio 
I 18 \ • — O CE/PGM 

rrn**oo7 
nii'-*oofi 

I 14 \ -^04 

nD— 003 



PA0-PA3 


Input Port A 


PB0-PB3 


Input Port 8 


PC0-PC3 


Input/Output Port C 


PD0-PD3 


Input/Output Port D 


PE0-PE3 


Output Port E 


PF0-PF3 


Output Port F 


PG0-PG3 


Output Port G 


PH0-PH3 


Output Port H 


PI0-PI2 


Output Port 1 


m 


Interrupt Input 


CL0-CL1 


External Clock Signals 


RESET 


Reset 


vgg 


Power Supply Negative 


vss 


Power Supply Positive 


TEST 


Factory Test Pin 
(Connect to Vss) 



r 



C^/PG^ 



Output Enable 



Data Outputs 



Chip Enable/Program 
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••03 0^ 



PF3.o(l 



ACC/PC 



BLOCK DIAGRAM 



y 07 



— O 



]7 




1 : MPD556 

2 : Pull-Up Resistors 

3 : MPC7905 {3-Terminal 5 Volt Voltage Regulator) 

4 :mPD2716 (EPROM) 

5 : mPD546C/mPD547C Compatible Pins (42 Pins) 

6 : EPROM Write Pads (24 Pads) 



Operating Temperature -10°C to +70°C 

Storage Temperature -25°C to +85°C 

Supply Voltage, Vqg -15 to +0.3V 

Input Voltages - 15 to +0.3V 

Output Voltages -15 to +0.3V 

Output Current (Total, all ports) -4 mA 



ABSOLUTE MAXIMUM 
RATINGS* 



Ta = 25°C 

^COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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MC-430P 42-PIN OPERATING 
SPECIFICATIONS 



MC-430P 



DC CHARACTERISTICS 



Tg = -10"C to +70"C, Vgg = -10V ± 


0%, Vss = ov' 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage High 


V|H 







-2 


V 


Ports A through D, ffvpf, 
RESET 


Input Voltage Low 


V|L 


-4 3 




Vqg 


V 


Ports A through D, INT, 
RESET 


Clock Voltage High 


V0H 







-0 8 


V 


CLq Input, External Clock 


Clock Voltage Low 


V0L 


-6 




Vgg 


V 


CLq Input, External Clock 


Input Leakage Current High 


'LIH 






+10 


/iA 


Ports A through D, INT, 
RESET, V| =-1V 


Input Leakage Current Low 


"LIL 






-10 


HA 


Ports A through D, INT, 
RESET, V| = -11V 


Clock Input Leakage Current High 


'L0H 






+200 


mA 


CLq Input, V^H = OV 


Clock Input Leakage Current Low 


'L0L 






-200 


mA 


CLo Input, V0L = -11V 


Output Voltage High 


VOHi 






-1 


V 


Ports C through 1, 
Iqh = -1 mA 


VOH2 






-2 3 


V 


Ports C through 1, 
'oh = -3.3 mA 


Output Leakage Current Low 


'lol 






-10 


mA 


Ports C through 1, 
Vo = -11V 


Supply Current 


•gg 




-110 


-165 


mA 






AC CHARACTERISTICS 



Ta = -10°C to +70''C, Vgg " -10V 


± 10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Oscillator Frequency 


f 


150 




440 


KHz 




Rise and Fall Times 


tf.tf 







0.3 


lis 


EXTERNAL CLOCK 


Clock Pulse Width High 


t0WH 


0.5 




5.6 


MS 


Clock Pulse Width Low 


VWl 


0.5 




5.6 


MS 



CAPACITANCE 



Ta = 25° C 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






15 


PF 


f = 1 MHz 


Output Capacitance 


Co 






40 


PF 


Input/Output Capacitance 


C|0 






30 


pF 



CLOCK WAVEFORM 
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PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE 

Tg = 25°C ± 5°C, Vcc ® = +5V ± 5%, Vpp ®@ = +25V ± IV 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP 


MAX. 


Input High Voltage 


VjH 


+2 




Vcc-^1 


V 




Input Low Voltage 


V|L 


-0 1 




+0 8 


V 




Input Leakage Current 


'IL 






±10 


mA 


V,^ = 5 25V/0.45V 


Vpp Current 


IPPI 






+5 


mA 


Progranri Verify 

^^/^«'^ = ^1L program lnh.b.t 


Ipp2 






+30 


mA 


CE/PGM = V|H Program Mode 


Vqq Current' 


'CC 






+ 100 


mA 





PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE 



T- = 25°C ± 5°C, Vr 



.© = 



+5V ± 5%, Vr 



.0® = 



+25V ± IV 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Address Setup Time 


tAS 


2 






^s, 




OE Setup Time 


tOES 


2 






/JS 




Data Setup Time 


tDS 


2 






ps 




Address Hold Time 


tAH 


2 






/^s 




OE Hold Time 


tOEH 


2 






Ais 




Data Hold Time 


tDH 


2 






/Js 




Output Enable to Output Float Delay 


tDF 







120 


ns 


CE/PGM = V|L 


Output Enable to Output Delay 


tOE 






120 


ns 


CE/PGM = V|L 


Program Pulse Width 


tpw 


45 


50 


55 


ms 




Program Pulse Rise Time 


tPRT 


5 






ns 




Program Pulse Fall Time 


tPFT 


5 






ns 





MC-430P 24-PAD 
iuPD2716 UV-EPROM 
PROGRAMMING SPECIFICATIONS 

DC CHARACTERISTICS 



AC CHARACTERISTICS 



Test Conditions 

Input Pulse Levels 8V to 2 2V Output Timing Reference Level 0.8V and 2V 

Input Timing Reference Level. . IV and 2V 

Notes Q) Vcc '""St be applied simultaneously or before Vpp and removed after Vpp 

(5) During programming, program inhibit, and program verify ,4a maximum of +26V 
should be applied to the Vpp pin Overshoot voltages to be generated by the Vpp 
power supply should be limited tp less than +26V 



To = 25 C; f = 1 MHz 



CAPACITANCE 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 






60 


PF 


V|N = OV 


Output Capacitance 


COUT 






45 


PF 


VOUT = OV 
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PROGRAM MODE 



TIMING WAVEFORM 



Aaio 



X 



O0-7 



/ 



:h 



PROGRAM VERIFY 



x 



VALID INPUT 
ADDRESS ^ 



^DS 



jC V. 

-*-tOES-*-/ V-»-tOEH-^ 



>UT ^ ,t VALID ^- / 

., > I OUTPUT > ( 



\: / 



ADDRESS N+m 



^ VALID INPUT 
I ADDRESS N + m 



Package Outlines 

For information, see Package Outline Section 7. 



Cerdip, MC-430PD 




MC-430Pds-1 2-81 -CAT 
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NOTES 
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NEC 



SINGLE CHIP 8-BIT MICROCOMPUTERS 




SEC 



jiPD7800 



HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
ROM-LESS DEVELOPMENT DEVICE 

DESCRIPTION The NEC /uPD7800 is an advanced 8-bit general purpose single-chip microcomputer 
fabricated with N-channel Silicon Gate MOS Technology. Intended as a ROM-less 
development device for NEC /iPD780 1/7802 designs, the iuPD7800 can also be used 
as a powerful microprocessor in volume production enabling program memory flexi- 
bility. Basic on-chip functional blocks include 128 bytes of RAM data memory, 8-bit 
ALU, 32 I/O lines. Serial I/O port, and 12-bit timer. Fully compatible with the 
industry standard 8080A bus structure, expanded system operation can be easily 
implemented using any of 8080A/8085A peripheral and memory products. Total 
memory address space is 64K bytes. 

F E ATU RES • NMOS Silicon Gate Technology Requiring Single +5V Supply. 

• Single-Chip Microcomputer with On-Chip ALU, RAM and I/O 

- 128 Bytes RAM 

- 32 I/O Lines 

• Internal 12-Bit Programmable Timer 

• On-Chip 1 MHz Serial Port 
» Five-Level Vectored, Prioritized Interrupt Structure 

- Serial Port 

- Timer 

- 3 External Interrupts 

• Bus Expansion Capabilities 

- Fully 8080A Bus Compatible 

- 64K Byte Memory Address Range 

• Wait State Capability 

• Alternate Z80TM Type Register Set 

• Powerful 140 Instruction Set 

• 8 Address Modes; Including Auto- Increment/Decrement 

• Multi-Level Stack -Capabilities 

• Fast 2 MS Cycle Time 

• Bus Sharing Capabilities 

PIN CONFIGURATION 




TM: Z80 is a registered trademark of Ziiog, Inc. 



^Hfr^ 


1 




64 


ZD 


Vcc( + 5V) 


2 




63 




AB14 


DB7 en 


3 




62 


Z3 


AB13 


DB6C= 


4 




61 




AB12 


DBS CZ 


5 




60 


ZD 


AB11 


DB4C3 


6 




59 




AB10 


DB3 CZ 


7 




58 


ZD 


AB9 


DB2CZZ 


8 




57 




AB8 


DBi CZ 


9 




56 


■— 1 


AB7 


DBoC= 


10 




55 




ABe 


INT2 CZ 


11 




54 


Z3 


AB5 


INT1CL— 


12 




53 


& AB4 


INTO cz: 

WAIft 


13 




52 


Z3 


AB3 


14 




51 




AB2 


Ml CZ 


15 


mPD 


50 


—I 


ABi 


WRi 


16 


7800 


49 


} 


ABo 


mj cz: 


17 




48 


-— 1 


PB7 


pcycz: 


18 




47 


ZZ3 


PBe 


PC6 CZ 


19 




46 




PBg 


PC5CZI 


20 




45 


ZZD 


PB4 


SS^ c= 


21 




44 


Z3 


PB3 


^^3 = 


22 




43 


I 


PB2 


PC2 cz: 


23 




42 


■"n 


PBl 


pciczz: 


24 




41 


^ 


PBo 


s^t= 


25 




40 


—1 


PA7 


26 




39 


ZZ3 


PAe 


Si CZ 


i 




38 


Z3 


PA5 


sotiz: 




37 




PA4 


r^eT CZ 


29 




36 


-—I 


P^ 


STBCZZ 


30 




35 




PA2 


V. /^ = 


31 




34 


— 1 


PAl 


Vss (OV) , — 


32 




33 


ZZI3 


PAO 


Ziiog, Inc. 
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fiPD7800 



PIN NO 


DESIGNATION 


FUNCTION 


1,49-63 


AB0-AB15 


(Tri-State, Output) 16-bit address bus. 


2 


EXT 


(Output) IXT is used to simulate /iPD7801/7802 
external memory reference operation. EXT distin- 
guishes between internal and external memory 
references, and goes low when locations 4096 
through 65407 are accessed. 


3-10 


DB0-DB7 


(Tri-State Input/Output, active high) 8-bit true 
bi-directional data bus used for external data 
exchanges with I/O and memory. 


11 


INTO 


(Input, active high) Level-sensitive interrupt input. 


12 


INT1 


(Input, active high) Rising-edge sensitive interrupt 
input. Interrupts are initiated on low-to-high transi- 
tions, providing interrupts are enabled. 


13 
14 


INT2 


(Input) INT2 is an edge sensitive interrupt input 
where the desired activation transition is pro- 
grammable. By setting the ES bit in the Mask 
Register to a 1, INT2 is rising edge sensitive. When 
ES is set to 0, INT2 is falling edge sensitive. 

(Input, active low) WAIT, when active, extends 
read or write timing to interface with slower 
external memory or I/O. WAIT is sampled at 
the end of T2, if active processor enters a wait 
state TW and remains in that state as long as 
WAIT is active. 


WAIT 


15 


Ml 


(Output, active high) when active. Ml indicates 
that the current machine cycle is an OP CODE 
FETCH. 


16 


WR 


(Tri-State Output, active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signal for external memory or I/O write 
operations. WR goes to the high impedance state 
during HALT, HOLD, or RESET. 


17 


RD 


(Tri-State Output, active low) TO is used as a 
strobe to gate data from external devices on the 
data bus. RD goes to the high impedance state 
during HALT, HOLD, and RESET. 


18-25 


PC0-PC7 


(Input/Output) 8-bit I/O configured as a nibble 
I/O port or as control lines. 


26 


SCK 


(Input/Output) SCK provides control clocks for 
Serial Port Input/Output operations. Data on the 
SI line is clocked into the Serial Register on the ris- 
ing edge. Contents of the Serial Register is clocked 
onto SO line on falling edges. 


27 


SI 


(Input) Serial data is input to the processor 
through the SI line. Data is clocked into the Serial 
Register MSB to LSB with the rising edge of SCK. 


28 
29 


SO 


(Output) SO is the Serial Output Port. Serial data 
is output on this Itne on the falling edge of SCK, 
MSB to LSB. 

(Input, active low) RESET initializes the mPD7800. 


RESET 


30 
31 


STB 
Xl 


(Output) Used to simulate MPD7801/7802 Port E 
operation, indicating that a Port E operation is 
being performed when active. 
(Input) Clock Input 


33-40 


PA0-PA7 


(Output) 8-blt output port with latch capability. 


41-48 


PB0-PB7 


(Tri-State Input/Output) 8-bit programmable I/O 
port. Each line configurable independently as an 
input or output. 



PIN DESCRIPTION 
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BLOCK DIAGRAM 



INToO- 



INTia 




HOLD 
CONTROL 


READ/WRITE CONTROL 


TIMING 
CONTROL 


SYSTEM 
CONTROL 



>ABo.7 




PCijo PC7.2 



PBy^ 



HI I I 1 1 1 1 1 111 



PC7/ PCg/ 
HOLD HLDA 



WR PC5/IO/M Ml WAIT RESET STB EXT Vqc 
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Architecturally consistent with juPD7801/7802 devices, the jLtPD7800 uses a slightly 
different pin-out to accommodate for the address bus and lack of on-chip clock 
generator. For complete juPD7800 functional operation, please refer to juPD7801 
product Information. Listed below are functional differences that exist between 
iuPD7800 and mPD7801 devices. 

juPD7800/7801 Functional Differences 



FUNCTIONAL DESCRIPTION 



1. The functionality of /iPD7801 Port E is somewhat different on the jL(PD7800. 
Because the /xPD7800 contains no program memory, the address bus is made 
accessible to address external program memory. Thus, lines normally used for Port 
E operation with the mPD7801 are used as the address bus on the /iPD7800. ABq- 
ABi5 Is active during memory access through 4095. 

2. Consequently Port E Instructions (PEX, PEN, and PER) have different 
functionality. 

PEX Instruction — The contents of B and C register are output to the address bus. 

The value 01 H Is output to the data bus. STB becomes active. 

PEN Instruction — B and C register contents are output to the address bus. The 

value 02H is output to the data bus. STB becomes active. 

PER Instruction — The address bus goes to the high impedance state. The value 

04H is output to the data bus. STB becomes active. 

3. ON-CHIP CLOCK GENERATOR. The iuPD7800 contains no internal clock gener- 
ator. An external clock source is input to the Xi Input. 

4. PIN 30. This pin functions as the X2 crystal connection on the jLiPD7801. On the 
juPD7800, pin 30 functions as a strobe output (STB) and becomes active when a 
Port E instruction Is executed. This control signal is useful in simulating juPD7801 
Port E operation — indicating that a port E operation Is being performed, 

5. PIN 2. Functions as the ^ out clock output used for synchronizing system external 
memory and I/O devices, on the iuPD7801. On the /iPD7800, thi s pin is used to 
simulate external memory reference operation of the iuPD7801. EXT is used to 
distinguish between internal and external memory references and goes low when 
location 4096 through 65407 are accessed. 



RECOMMENDED CLOCK DRIVE CIRCUIT 

XI 



T 



., VSA^^ ' ' ^AA/ — ^ 



LS74 
D 5 



i 21 
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ABSOLUTE MAXIMUM Operating Temperature -10°Cto+70°C 

RATINGS* Storage Temperature -65°C to +150°C 

Voltage On Any Pin -0.3V to +7.0V 

Ta = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS Tg = -io°c ~ +70°c, Vcc = +5.ov ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


VjL 







0.8 


V 




Input High Voltage 


V|H1 


2.0 




Vcc 


V 


Except SCK, XI 


V|H2 


3.8 




Vcc 


V 


SCK, XI 


Output Low Voltage 


Vol 






0.45 


V 


•0L= 2.0 mA 


Output High Voltage 


V0H1 


2.4 






V 


Ioh = -ioomA 


V0H2 


2.0 






V 


IOH=--500iuA 


Low Level Input Leakage Current 


ILIL 






-10 


mA 


V,N=OV 


High Level Input Leakage Current 


■lih 






10 


mA 


V|N = Vcc 


Low Level Output Leakage Current 


'lol 






-10 


mA 


VoUT = 45V 


High Level Output Leakage Current 


Iloh 






10 


mA 


V0UT = VcC 


Vcc Power Supply Current 


Ice 




110 


200 


mA 





CAPACITANCE "^a = 25°c, vcc = gnd = ov 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






10 


pF 


fc = 1 MHz 
All pins not 
under test at OV 


Output Capacitance 


Co 






20 


PF 


Input/Output Capacitance 


C|0 






20 


pF 
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-10°C to +70° C, Vcc = +5.0V i 



10% 

CLOCK TIMING 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 




TEST 
CONDITIONS 


MIN 


MAX 


UNITS 


XouT Cycle Time 


^CYX 


454 


2000 


ns 


tCYX 


XqUT Low Level Width 


^XXL 


212 




ns 


tXXL 


XouT High Level Width 


tXXH 


212 




ns 


*XXH 



READ/WRITE OPERATION 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN MAX 


RDL.E.-^XqutL.E. 


tRX 


20 




ns 


tQYX = 500 ns 


Address (PE0-15) ->■ Data 
Input 


tADI 




550 + 500 X N 


ns 


RD T.E. ^ Address 


tRA 


200(T3);700(T4) 




ns 


RD L.E.->- Data Input 


tRD 




350 + 500 X N 


ns 


RD T.E. ^ Data Hold 
Time 


tRDH 







ns 


RD Low Level Width 


tRR 


850 + 500 X N 




ns 


■RDL.E.-^WAIT L.E. 


tRWT 




450 


ns 


Address (PEo-1 5) -> 
WAIT L.E. 


tAWTI 




650 


ns 


WAIT Set Up Time 
(Referenced from 
Xqut L.E.) 


tWTS 


180 




ns 


WAIT Hold Time 
(Referenced from 
Xqut L.E.) 


tWTH 





120 


ns 


MWHTTUE. 


tMR 


200 




ns 


R0T.E.->M1 


tRM 


200 




ns 


io/m->RUl.e. 


t|R 


200 




ns 


IrHt.e.^ig/M 


tRI 


200 




ns 


XqutL.E.^WR L.E. 


txw 




270 


ns 


Address (PEq-I 5) "* 

^outT.e. 


tAX 




300 


ns 


Address (PEq.i 5)-^ 
Data Output 


tAD2 


450 




ns 


Data Output -^WR 
T.E. 


tDW 


600 + 500 X N 




ns 


Vm T.E. -> Data 
Stabilization Time 


tWD 


150 




ns 


Address (PEo-i 5) -> 
WR L.E. 


tAW 


400 




ns 


WR T.E. -^Address 
Stabilization Time 


tWA 


200 




ns 


WR Low Level Width 


tww 


600 + 500 X N 




ns 


lO/ir-WR L.E. 


t|W 


500 




ns 


WRT.E.-^IO/M 


twi 


250 




ns 
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(CONT.) 



fiPD7800 



SERIAL I/O OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


SCK Cycle Time 


tCYK 


800 




ns 


SCK Input 


900 


4000 


ns 


SCK Output 


SCK Low Level Width 


tKKL 


350 




ns 


SCK Input 


400 




ns 


SCK Output 


SCK High Level Width 


tKKH 


350 




ns 


SCK Inpgt 


400 




ns 


SCK Output 


SI Set-Up Time (referenced from SCK T.E.) 


tsis 


80 




ns 




SI Hold Time (referenced from SCK T.E.) 


tSIH 


260 




ns 


SCK L.E. -* SO Delay Time 


tKO 




180 


ns 


SCS High -^ SCK L.E. 


tCSK 


100 




ns 


SCK T.E. -^ SCS Low 


tKCS 


100 




ns 


SCK T.E. -^ SAK Low 


tKSA 




260 


ns 



PEN, PEX, PER OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


Xi L.E. -> EXT 


tXE 




250 


ns 


*CYX = 500 ns 


Address (ABq-IS) -> STB L.E. 


tAST 


200 






Data (DBo.7)-*STBL.E. 


tDST 


200 






STB Hold Time 


tSTST 


300 






STB -> Data 


tSTD 


400 








HOLD OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


HOLD Set-up Time (referenced from 
Xqut L.E.) 


tHDSi 


100 




ns 




tHDS2 


100 




ns 


HOLD Hold Time (referenced from 0OUT 
L.E.) 


tHDH 


100 




ns 


Xqut'-E-^HLDA 


tXHA 




100 


ns 


HLDA High -* Bus Floating (High Z State) 


tHABF 


-150 


150 


ns 


HLDA Low- Bus Enable 


tHABE 




350 


ns 



Notes: 



(T) AC Signal waveform (unless otherwise specified) 




0.45 



(2) Output Timing is measured with 1 TTL + 200 pF measuring points are Vqh "^ 2.0V 

Vol = 0-8V 

(3) L.E. = Leading Edge, T.E. = Trailing Edge 
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tcYX DEPENDENT AC PARAMETERS 



1 PARAMETER 


EQUATION 


MIN/MAX 


UNIT 


*RX 


(1/25) T 


MIN 


ns 


tADi 


(3/2 + N)T- 200 


MAX 


ns 


tRA (T3) 


(1/2)1-50 


MIN 


ns 


tRA (T4) 


(3/2) T- 50 


MIN 


ns 


tRD 


(1+N)T- 150 


MAX 


ns 


^RR 


(2 + N)T- 150 


MIN 


ns 


^RWT 


(3/2) T- 300 


MAX 


ns 


^AWT-i 


(2)7-350 


MIN 


ns 


^MR 


(1/2) T- 50 


MIN 


ns 


tRM 


(1/2) T- 50 


MIN 


ns 


t|R 


(1/2) T- 50 


MIN 


ns 


tRI 


(1/2) T- 50 


MIN 


ns 


txw 


(27/50) T 


MAX 


ns 


tAD2 


T-50 


MIN 


ns 


^DW 


(3/2 + N)T- 150 


MIN 


ns 


%D 


(1/2)7- 100 


MIN 


ns 


tAW 


7- 100 


MIN 


ns 


tWA 


(1/2)7-50 


MIN 


ns 


tww 


(3/2 + N) 7- 150 


MIN 


ns 


t|W 


7 


MIN 


ns 


%l 


(1/2)7 


MIN 


ns 


^HABE 


(1/2)7- 150 


MAX 


ns 


tAST 


(2/5) 7 


MIN 


ns 


tDST 


(2/5) 7 


MIN 


ns 


tSTST 


(3/5) 7 


MIN 


ns 


tSTD 


(4/5) 7 


MIN 


ns 



Notes: (T) N = Number of Wait States 
(D T = tcYX 
(3) Only above parameters are t^y^ dependent 

(2) When a crystal frequency other than 4 MHz is used (tQyx ~ ^^^ "^^ 
the above equations can be used to calculate AC parameter 
values. 



AC CHARACTERISTICS 
(C0N7.) 
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TIMING WAVEFORMS 



CLOCK TIMING 






\- 



\. 



READ OPERATION 



10 15 ] ' 



■^y r 



DATA INPUT 



WRITE OPERATION 



Jr 


— ± — ' 






. T3_ 






\ r 


txw i-m— 


— / 


\ / 


\ / 

1 


*8o.16 ^ 


1L 










1 1 


= 






Tr 






. 1 — 


Wf 


AD^ 


r 






. 


- ,*^ 




> 


- 






1 






■ 






WW 1 






> 




X 










^ 










tWTS *WTH ' 




















^— 
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SCK . 



SERIAL I/O OPERATION 



- -« tKKH — ^1 

,1= 4, 



-•tsis*- ■*tsiH'»- 



7= V 



\. 



TIMING WAVEFORMS 
(CONT.) 



PEN, PEX, PER OPERATION 



N / \ / V 



— ^ INVALID ) 



i 



-*jtxE ■♦ 



-A 











HO 


LD OPERATION 






OLD * 


















^ 




'""A 

tHDSi • * 




\ 


"' 


^ • ' V 




tHDSa 




^ 












h- 








"l 




















[•txHA 














' 










^ 


BUS 




ADDRESS CONTROL 






-.HAB 
















{wtHABF 


H 



Package Outlines 

For information, see Paciiage Outline Section 7. 



Plastic Quil, (jiPD7800G 
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NEC 



|xPD7801/7802 



PRODUCT DESCRIPTION 



HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
WITH 4K ROM 

The NEC fji,PD780 1/7802 is an advanced 8-bit general purpose single-chip microcomputer fabricated 
with N-Channel Silicon Gate MOS technology 

The NEC n,PD7801/7802 is intended to serve a broad spectrum of 8-bit designs ranging from enhanced 
single chip applications extending into the multi-chip microprocessor range. All the basic functional 
blocks- 8-bit ALU, 48 I/O lines, Serial I/O port, 12-bit timer, and clock generator are provided on-chip to 
enhance stand-alone applications. Fully compatible with the industry standard 8080A bus structure, 
expanded system operation can be easily implemented using any of the 8080A/8085A peripherals and 
memory products. Total memory space can be increased to 64K bytes. 

The powerful 140 instruction set coupled with 4K bytes of ROM program memory and 128 bytes of 
RAM data memory greatly extends the range of single chip microcomputer applications. Five level vec- 
tored interrupt capability combined with a 2 microsecond cycle time enable the fjLPD7801 to compete 
with multi-chip microprocessor systems with the advantage that most of the support functions are on- 
chip. 



FEATURES • NMOS Silicon Gate Technology Requiring -i-BV supply 

• Complete Smale-Chip Microcomputer with On-Chip ROM, RAM and I/O 

- 4K Bytes ROM-7801 

- 128 Bytes RAM 

- 6KBytes-7802 

- 64Bytes-7802 

- 48 I/O Lines 

• Internal 12-Bit Programmable Timer 

• On-Chip 1 MHz Serial Port 

• Five Level Vectored, Prioritized Interrupt Structure 

- Serial Port 

- Timer 

- 3 External Interrupts 

• Bus Expansion Capabilities 

- Fully 8080A Bus Compatible 

- 60K Bytes External Memory Address Range-7801 

- 58K Bytes-7802 

• On-Chip Clock Generator 

• Wait State Capability 

• Alternate ZSO^M Type Register Set 

• Powerful 140 Instruction Set 

• 8 Address Modes, Including Auto-Increment/Decrement 

• Multi-Level Stack Capabilities 

• Fast 2 JUS Cycle Time 

• Bus Sharing Capabilities 




N CONFIGURATION peib/abib j- 


1 




64 


1 VCC ( + 5V) 


0OUTI 


2 




63 


IZl PE14/AB14 


DB7 C 


3 




62 


3 PE13/AB13 


DBecz: 


4 




61 


I=lPEi2/ABi2 


DB5 C 


5 




60 


3 PE11/AB11 


DB4CZ 


6 




59 


Z^PElo/ABio 


S^2 C 


7 




58 


3 PEg/ABg 


S^^cz 


8 




57 


1=3 PE8/AB8 


DBi C 


9 




56 


3 PE7/AB7 


DBod 


10 




55 


ZD PEe/ABe 


INT2 tl 


11 




54 


3 PE5/AB5 


INTiJ 


12 




53 


IZl PE4/AB4 


INTO C 


13 




52 


3 PE3/AB3 


wAiTcz: 


14 




51 


ZD PE2/AB2 


Ml C 


15 


^iiPD 


50 


3 PEi/ABf 


WRCZ 


16 
17 


7801/7802 ^l 


ZD PEo/ABo 
3 PB7 


PC7CZ 


18 




47 


ZZIPB6 


PC6 C 


19 




46 


3 PB5 


PC5CZ 


20 




45 


ZDPB4 


PC4 C 


21 




44 


3 PB3 


pcznzz 


22 




43 


Z=IPB2 


PC2 C 


23 




42 


3 PBi 


pcicz: 


24 




41 


^PBO 


^s 


25 




40 


3 PA7 


26 




39 


ZZIPA6 


Si C 


27 




38 


3 PA5 


socr 


28 




37 


ZI1PA4 


RESET C 


29 




36 


3 PA3 


X2CI 


30 




35 




xi n 


31 




34 


3 PAi 
ZDPAo 


VSS(OV) c;;^ 


32 




33 


TM: Z80 is a registered trademark of Zilog, 1 


nc. 


Rev/2 
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PIN NO. 


DESIGNATION 


FUNCTION 


49-63 


PEq/ABo- 


(Tri-State, Output) 16-bit address bus. 


1 
2 


PE15/AB15 
0OUT 


(Output) 0OUT provides a prescaled output clock 
for use with external I/O devices or memories. 
0OUT frequency is f XTAL/2. 


3-10 


DB0-DB7 


(Tri-State Input/Output, active high) 8-bit true 
bi-directional data bus used for external data 
exchanges with I/O and memory. 


11 


INTO 


(Input, active high) Level-sensitive interrupt input. 


12 


INTi 


(Input, active high) Rising-edge sensitive interrupt 
input. Interrupts are initiated on low-to-high transi- 
tions, providing interrupts are enabled. 


13 
14 


INT2 


(Input) INT2 is an edge sensitive interrupt input 
where the desired activation transition is pro- 
grammable. By setting the ES bit in the Mask 
Register to a 1, INT2 is rising edge sensitive. When 
ES is set to 0, INT2 is falling edge sensitive. 


WAIT 


(Input, active low) WAIT, when active, extends 
read or write timing to interface with slower 
external memory or I/O. WAIT is sampled at 
the end of T2, if active processor enters a wait 
state TW and remains in that state as long as 
WAIT is active. 


15 


Ml 


(Output, active high) when active. Ml indicates 
that the current machine cycle is an OP CODE 
FETCH. 


16 


WR 


(Tri-State Output, active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signal for external memory or I/O write 
operations. WR goes to the high impedance state 
during HALT, HOLD, or RESET. 


17 


RD 


(Tri-State Output, active low) RD is used as a 
strobe to gate data from external devices onto the 
data bus. RD goes to the high impedance state 
during HALT, HOLD, and RESET. 


18-25 


PC0-PC7 


(Input/Output) 8-bit I/O configured as a nibble 
I/O port or as control lines. 


26 


SCK 


(Input/Output) SCK provides control clocks for 
Serial Port Input/Output operations. Data on the 
SI line is clocked into the Serial Register on the ris- 
ing edge. Contents of the Serial Register is clocked 
onto SO line on falling edges. 


27 


SI 


(Input) Serial data is input to the processor 
through the SI line. Data is clocked into the Serial 
Register MSB to LSB with the rising edge of SCK. 


28 
29 


SO 


(Output) SO is the Serial Output Port. Serial data 
is output on this line on the falling edge of SCK, 
MSB to LSB. 


RESET 


(Input, active low) RESET initializes theMPD7801. 


30 


X2 


(Output) Oscillator output. 


31 


X1 


(Input) Clock Input. 


33-40 


PA0-PA7 


(Output) 8-bit output port with latch capability. 


41-48 


PB0-PB7 


(Tri-State Input/Output) 8-bit programmable I/O 
port. Each line configurable independently as an 
input or output. 



PIN DESCRIPTION 



4-12 



(JLPD7801/7802 



BLOCK DIAGRAM 



NToO 
NT,0 
NT,0 



^ 



32: 




^ ^^7S 



PC3/SAKO- 1 F/F I 






M 



I MO^O^EB I 




3 C 



y IT 1 11 1 II i i 1 n 



FUNCTIONAL Memory Map 

DESCRIPTION j^g ^,PD780l/7802 can directly address up to 64K bytes of memory. Except for 
the on-chip ROM and RAM, any memory location can be used as either ROM or 
RAM. The following memory map defines the 0-64K byte memory space for the 
|xPD7801/7802 showing that the Reset Start Address, Interrupt Start Address, 
Call Tables, etc., are located in the internal ROM area. 



t 


INTERNAL 

ROM 

(0-6144) 

> ' 




65,471 


EXTERNAL 
; MEMORY , 

59,328 X 8 


J 


65,535 


INTERNAL 
RAM 





, 4095 
' 4096' 



65,407 
65,409' 



INTERNAL 

ROM 

(0-4095) 



EXTERNAL 
MEMORY 



INTERNAL 
RAM 




INTq 



J, USER'S 
AREA 



I- 
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I/O Ports 



PORT 



Port A 
Port B 
PortC 
Port E 



FUNCTIONS 



8-bit output port with latch 

8-bit programmable Input/Output port w/latch 

8-bit nibble I/O or Control port 

16-bit Address/Output Port 



FUNCTIONAL 
DESCRIPTION 
(CONT.) 



Port A 

Port A IS an 8-bit latched output port. Data can be readily transferred between the 
accumulator and the output latch buffers. The contents of the output latches can be 
modified using Arithmetic and logic instructions. Data remains latched at Port A unless 
acted on by another Port A instruction or a RESET is issued. 

PortB 

Port B is an 8-bit I/O port. Data is latched at Port B in both the Input or Output modes. 
Each bit of Port B can be independently set to either Input or Output modes. The 
Mode B register programs the individual lines of Port B to be either an Input 
(Mode B^ ^ ^ ) or an Output (Mode B^ ^ q). 

PortC 

Port C is an 8-bit I/O port. The Mode C register is used to program the upper 6 bits of 
Port C to provide control functions or to set the I/O structure per the following table. 





MODE Cn = 


MODE Cn = 1 


PCo 


Output 


Input 


PCi 


Output 


Input 


PC2 


SCS Input 


Input 


PC3 


SAK Output 


Output 


PC4 


To Output 


Output 


PC5 


IO/M" Output 


Output 


PC6 


HLDA Output 


Output 


PC7 


HOLD Input 


Input 



PortE 

Port E is a 16-bit address bus/output port. It can be set to one of three operating modes 
using the PER, PEN, or PEX instructions. 

• 16-Bit Address Bus — the Per instruction sets this mode for use with external I/O or 
memory expansion (up to 60K bytes, externally). 

• 4-Bit Output Port/12 Bit Address Bus — the PEN instruction sets this mode which 
allows for memory expansion of up to 4K bytes, externally, plus the transfer of 4-bit 
nibbles. 

• 16-Bit Output Port - the PEX instruction sets Port E to a 16-bit output port. The con- 
tents of B and C registers appear on PEs-lS and PEo-7, respectively. 
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FUNCTIONAL Timer Operation 
DESCRIPTION 
(CONT.) 



PRE- 

SCALER 

(4 ms) 



12 BIT DOWN COUNTER 



2 



TIMER • REG 



jDI 



TIMER 
F/F 



BORROW 



TIMER 
REG 1 



3 INTERNAL BUS 



TIMER BLOCK DIAGRAM 

A programmable 12-bit timer is provided on-chip for measurmg time intervals, generat- 
ing pulses, and general time-related control functions. It is capable of measurmg time 
intervals from 4 /is to 16 /is m duration. The timer consists of a prescaler which 
decrements a 12-bit counter at a fixed 4 ]j.s rate. Count pulses are loaded into the 
12-bit down counter through timer register (TMO and TM1). Count-down operation is 
initiated upon extension of the STM instruction when the contents of the down 
counter are fully decremented and a borrow operation occurs, an interval interrupt 
(INTT) is generated. At the same time, the contents of TMO and TM1 are reloaded 
into the down-counter and countdown operation is resumed. Count operation may be 
restarted or initialized with the STM instruction. The duration of the timeout may be 
altered by loading new contents into the down counter. 

The timer flip flop is set by the STM instruction and reset on a countdown operation. 
Its output (TO) is available externally and may be used in a single pulse mode or general 
external synchronization. 

Timer interrupt (INTT) may be disabled through the interrupt. 
Serial Port Operation 





SERIAL PORT BLOCK DIAGRAM 
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The on-chip serial port provides basic synchronous serial communication 
functions allowing the NEC |xPD7801/7802 to serially interface with external 
devices. 

Serial Trans fers are synchronized with either the internal clock or an external clock 
input (SCK). The transfer rate is fixed at 1 Mbit/second If the internal clock is used 
or is variable between DC and 1 Mbit/second when an external clock is used. The 
Clock Source Select is determined by the Mode C register. The serial clock (internal 
or external SCK) is enabled when the Serial Chip Select Signal (SCS) goes low. At this 
time receive and transmit operations through the Serial Input port (Sl)/Serial Output 
port (SO) are enabled. Receive and transmit operations are performed MSB first. 

Serial Acknowledge (SAK) goes high when data transfers between the accumulator 
and Serial Register is completed. SAK goes low when the buffer becomes full after 
the completion of serial data receive or transmit operations. While SAK is low, no 
further data can be received. 

interrupt Structure 

The |xPD7801/7802 provides a maskable interrupt structure capable of han- 
dling vectored prioritized Interrupts. Interrupts can be generated from six dif- 
ferent sources; three external interrupts, two internal interrupts, and non- 
maskable software interrupt. Each interrupt when activated branches to a 
designated memory vector location for that interrupt. 



FUNCTIONAL 
DESCRIPTION 
(CONT.) 



INT 


VECTORED MEMORY 
LOCATION 


PRIORITY 


TYPE 


INTT 


8 


3 


Internal, Timer 
Overflow 


INTS 


64 


6 


Internal, Serial 
Buffer Full/Empty 


INTO 


4 


2 


Ext., level sensitive 


INT1 


16 


4 


Ext., Rising edge 
sensitive 


INT2 


32 


5 


Ext., Rising/Falling 
edge sensitive 


SOFTI 


96 


1 


Software Interrupt 
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FUNCTIONAL 

DESCRIPTION 

(CONT.) 



REGISTERS 



RESET (Reset) 

An active low-signal on this input for more than 4 jus forces the iuPD7801 
into a Reset condition. RESET affects the following internal functions: 

• The Interrupt Enable Flags are reset, and Interrupts are inhibited. 

• The Interrupt Request Flag Is reset. 

• The HALT flip flop is reset, and the Halt-state is released. 

• The contents of the MODE B register are set to FFh, and Port B 
becomes an input port. 

• The contents of the MODE C register are set to FFh. Port C becomes 
an I/O port and output lines go low. 

• All Flags are reset to 0. 

• The internal COUNT register for timer operation is set to F FFh and the 
timer F/F is reset. 

• The ACK F/F is set. 

• The HLDA F/F is reset. 

• The contents of the Program Counter are set to OOOOh. 

• The Address Bus (PE0-I5), Data Bus (DBo-7), RD, and WR go to 
a high impedance state. 



Once the RESET input goes high, the program is started at location OOOOh- 
The /iPD7801 contains sixteen 8-bit registers and two 16-bit registers. 

15 



PC 



SP 




0' 




70 




7 


1 


1 



B 


C 


D 


E 


H 


L 



• Main 



V' A 



B^ 


C 


D' 


E' 


H' 


L' 



► Alternate 



General Purpose Registers (B, C, D, E, H, L) 

There are two sets of general purpose registers (Main: B, C, D, E, H, L: 
Alternate: B', C, D', H', L'). They can function as auxiliary registers to the 
accumulator or in pairs as data pointers (BC, DE, HL, B'C, D'E', H'L'). Auto Incre- 
ment and Decrement addressing mode capabilities extend the uses for the DE, HL, 
D'E', and H'L' register-pairs. The contents of the BC, DE, and HL register-pairs 
can be exchanged with their Alternate Register counterparts using the EXX 
Instruction. 
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Vector Register (V) 

When defining a scratch pad area in the memory space, the upper 8-bit memory 
address is defined in the V-register and the lower 8-bits is defined by the immediate 
data of an instruction. Also the scratch pad indicated by the V-register can be used 
as 256 X 8-bit working registers for storing software flags, parameters and counters. 

Accumulator (A) 

All data transfers between the |xPD7801/7802 and external memory or I/O are 
done through the accumulator. The contents of the Accumulator and Vector 
Registers can be exchanged with their Alternate Registers using the EX 
instruction. 

Program Counter (PC) 

The PC is a 16-bit register containing the address of the next instruction to be 
fetched. Under normal program flow, the PC is automatically incremented. However, 
in the case of a branch instruction, the PC contents are from another register or 
an instruction's immediate data. A reset sets the PC to OOOOh- 

Stack Pointer (SP) 

The stack pointer is a 16-bit register used to maintain the top of the stack area (last- 
In-first-out). The contents of the SP are decremented during a CALL or PUSH 
instruction or if an interrupt occurs. The SP is incremented during a RETURN or 
POP instruction. 



FUNCTIONAL 
DESCRIPTION (CONT.) 



Register Addressing 
Register Indirect Addressing 
Auto- Increment Addressing 
Auto-Decrement Addressing 

Register Addressing 



Working Register Addressing 
Direct Addressing 
Immediate Addressing 
Immediate Extended Addressing 



ADDRESS MODES 



OPCODE 



OPERAND 



The instruction opcode specifies a register r which contains the operand. 

Register Indirect Addressing 

rp memory 



OPCODE 



ADDRESS 



OPERAND 



The instruction opcode specifies a register pair which contains the memory address 
of the operand. Mnemonics with an X suffix are ending this address mode. 



AutO'lncrement Addressing 



rp 



memory 



OPCODEh 



lADDRESSr 



s 



OPERAND 



The opcode specifies a register pair which contains the memory address of the. 
operand. The contents of the register pair is automatically incremented to point to 
a new operand. This mode provides automatic sequential stepping when working with 
a table, of operands. 
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ADDRESS MODES (CONT.) Auto-Decrement Addressing 



rp 



memory 



OPCODE 



ADDRESS 



OPERAND 



-1 



memory 



Working Register Addressing 



PC 
PC+ 1 



The contents of the register is linked with the byte following the opcode to form a 
memory address whose contents is the operand. The V register is used to indicate 
the memory page. This address mode is useful as a short-offset address mode when 
working with operands in a common memory page where only 1 additional byte 
is required for the address. Mnemonics with a W suffix ending this address mode. 



OPCODE 




. 


V Register 




OPERAND 


" 


Contfints 


displacement 






8 7 










15 

































Jl 





Direct Addressing 



PC 


OPCODE 






PC+1 


Low Address 




operand ] 


^ 


PC + 2 


High Address 




1 byte 



Memory 



Low Operand 



High Operand 



OPCODE 



2 byte 

The two bytes following the opcode specify an address of a location containing the 

operand. 

Immediate Addressing 

PC 

PC+1 
immediate Extended Addressing 

PC 

PC+1 

PC + 2 




OPERAND 



OPCODE 



Low Operand 



High Operand 
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Operand Description 



INSTRUCTION SET 



OPERAND 


DESCRIPTION 


r 

r1 
r2 


V, A, B, C, D, E, H, L 
B,C, D, E, H, L 
A, B, C 


sr 

srI 

sr2 


PA PB PC MK MB MC TMO TM1 S 
PAPBPCMK S 
PAPBPCMK 


rp 
rpl 


SP, B, D, H 
V, B, D, H 


rpa 

rpal 

wa 


B,D, H,D+, H+, D-,H- 

B, D, H 

8 bit immediate data 


word 
byte 
bit 


16 bit immediate data 
8 bit immediate data 
3 bit immediate data 


f 


FO, F1,F2, FT FS, 



Notes: 1. When special register operands sr, srI, sr2 are used; PA=Porl A, PB-Port B, 
PC=Port C, MK=Masl< Register, MB=Mode B Register, MC=Mode C 
Register, TMO=Timer Register 0,TM1=Timer Register 1,S=Serial Register. 

2. When register pair operands rp, rpl are used; SP=Stack Pointer, B=BC, 
D=DE, H=HL, V=VA. 

3. Operands rPa,rPa1,wa are used in indirect addressing and auto-increment/ 
auto-decrement addressing modes. 

B=(BC),D=(DE), H=(HL) 

D+=(DE)+, H+=(HL)+, D-=(DE)-, H-=(HL)-. 

4. When the interrupt operand f is used; FO=INTFO, F1 = INTF1, F2=INTF2, 
FT=INTFT, FS=INTFS. 
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INSTRUCTION GROUPS 



IVlIM dVlwlil Iw 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 1 


CY 


^ 


8BIT DATA TRANSFER 


MOV 


r1,A 


1 


4 


r1 -A 








MOV 


A. r1 


1 


4 


A-n 








MOV 


sr, A 


2 


10 


sr-A 








MOV 


A,sr1 


2 


10 


A-srl 








MOV 


r, word 


4 


17 


r ♦- (word) 








MOV 


word, r 


4 


17 


(word) - r 








MVI 


r, byte 


2 


7 


r *- byte 








MVIW 


wa,byte 


3 


13 


(V, wa) ♦-byte 








MVIX 


rpal , byte 


2 


10 


(rpal) t-byte 








STAW 


wa 


2 


10 


(V,wa)*- A 








LDAW 


wa 


2 


10 


A-{V,wa) 








STAX 


rpa 




7 


(rpa) *- A 








LDAX 


rpa 




7 


A ^ (rpa) 








EXX 






4 


Exchange register sets 








EX 






4 


V, A •»* V, A 








BLOCK 






13(C+1) 


(DE)+^(ML)+ C-C-1 








16-BIT DATA TRANSFER 


SBbD 


word 


4 


20 


(word)^C, (word + 1)-B 








SDED 


word 


4 


20 


(word)-E. (wOrd + 1)«H.D 








SHLD 


word 


4 


20 


(word) *- L, (word + 1 ) - H 








SSPD 


word 


4 


20 


(word) *- SPl, (word + 1 ) - SPh 








LBCD 


word 


4 


20 


C^(word), B-(word + 1) 








LDED 


word 


4 


20 


E ♦- (word), D«- (word + 1) 








LHLD 


word 


4 


20 


L-(word), H-(word + 1) 








LSPD 


word 


4 


20 


SPl ^ (word), SPh ^ (word + 1 ) 








PUSH 


rpl 


2 


17 


(SP-D-rplH, (SP-2)^rplL 








POP 


rpl 


2 


15 


rplL-(SP) 

rplH^(SP + 1), SP-SP + 2 








LXI 


rp, word 


3 


10 


rp ■*- word 








TABLE 




1 


19 


C ^ (PC + 2 + A) 
B - (PC + 2 + A + 1 ) 
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MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


CY 


z 


ARITHMETIC 


ADD 


A, r 


2 


8 


A^A + r 








ADD 


r,A 


2 


8 


r*^r + A 








AODX 


rpa 


2 


11 


A ^ A + (rpa) 








ADC 


A,r 


2 


8 


A-A + r + CY 








ADC 


r, A 


2 


8 


r *- r + A + CY 








ADCX 


rpa 


2 


11 


A •«- A + (rpa) + CY 








SUB 


A, r 


2 


8 


A-^A-r 








SUB 


r,A 


2 


8 


r'f-r- A 








SUBX 


rpa 


2 


11 


A •»- A - (rpa) 








SBB 


A.r 


2 


8 


A *- A - r - CY 








SBB 


r,A 


2 


8 


r -.- r - A - CY 








SBBX 


rpa 


2 


11 


A *- A - (rpa) - CY 








ADDNC 


A, r 


2 


8 


A-A + r 


No Carry 






ADDNC 


r, A 


2 


8 


r*-r + A 


No Carry 






ADDNCX 


rpa 


2 


11 


A ^ A + (rpa) 


No Carry 






SUBNB 


A,r 


2 


8 


A*-A-r 


No Borrow 






SUBNB 


r,A 


2 


8 


r«^r- A 


No Borrow 






SUBNBX 


rpa 


2 


11 


A ^ A - (rpa) 


No Borrow 






LOGICAL 1 


ANA 


A, r 


2 


8 


A^AAr 








ANA 


r.A 


2 


8 


r-^r AA 








ANAX 


rpa 


2 


11 


A^A A(rpa) 








ORA 


A,r 


2 


8 


A^Avr 








ORA 


r,A 


2 


8 


r-«-r vA 








ORAX 


rpa 


2 


11 


A*-Av(rpa) 








XRA 


A.r 


2 


8 


A^AVr 








XRA 


r,A 


2 


8 


A*-r VA 








XRAX 


rpa 


2 


11 


A ^ A V (rpa) 








GTA 


A.r 


2 


8 


A-r- 1 


No Borrow 


t 





INSTRUCTION GROUPS (CONT.) 
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INSTRUCTION GROUPS (CONT.) 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 1 


CY 


^ 


LOGICAL (CONT.) 


GTAX 


rpa 


2 


11 


A - (rpa) - 1 


No Borrow 


X 




LTA 


A, r 


2 


8 


A- r 


Borrow 


X 




LTA 


r, A 


2 


8 


r- A 


Borrow 


X 




LTAX 


rpa 


2 


11 


A - (rpa) 


Borrow 


X 




ONA 


A, r 


2 


8 


AAr 


No Zero 






ONAX 


rpa 


2 


11 


A A (rpa) 


No Zero 






OFFA 


A, r 


2 


8 


AAr 


Zero 






OFFAX 


rpa 


2 


11 


A A (rpa) 


Zero 






NEA 


A. r 


2 


8 


A-r 


No Zero 






NEA 


r.A 


2 


8 


r- A 


No Zero 






NEAX 


rpa 


2 


11 


A - (rpa) 


No Zero 






EQA 


A,r 


2 


8 


A-r 


Zero 






EQA 


r.A 


2 


8 


r- A 


Zero 






EQAX 


rpa 


2 


11 


A - (rpa) 


Zero 






IMMEDIATE DATA TRANSFER (ACCUMULATOR) 


XRI 


A, byte 


2 




A *- A V byte 








ADINC 


A, byte 


2 




A -^ A + byte 


No Carry 


X 




SUINB 


A, byte 


2 




A "- A - byte 


No Borrow 


X 




ADI 


A. byte 


2 




A *- A + byte 




X 




ACI 


A, byte 


2 


7 


A *- A + byte + CY 




X 




SUI 


A, byte 


2 


^ 


A - A - byte 




X 




SBI 


A, byte 


2 




A - A - byte - CY 




X 




ANI 


A, byte 


2 




A 4- AA byte 








OR! 


A, byte 


2 


_ 


A*-AVbyte 








GTI 


A, byte 


2 




A - byte - 1 


No Borrow 


X 




LTI 


A, byte 


2 




A - byte 


Borrow 


X 




ONI 


A, byte 


2 




A A byte 


No Zero 






OFFI 


A, byte 


2 




A A byte 


Zero 






NEI 


A, byte 


2 


1 


A - byte 


No Zero 


X 




EQI 


A, byte 


2 




A - byte 


Zero 


X 
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INSTRUCTION GROUPS (CONT.) 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 


cy| Z 


IMMEDIATE DATA TRANSFER 


XRI 


r, byte 


3 




r -»- r V byte 








ADINC 


r, byte 


3 




r - r + byte 


No Carry 


t_ 




SUINB 


r, byte 


3 




r «- r - byte 


No Borrow 


t 




ADI 


r, byte 


3 




r ♦- r + byte 




t 




ACI 


r.byte 


3 




r -^ r + byte + CY 




t 




SUI 


r, byte 


3 




r •<- r - byte 




t 




SBI 


r, byte 


3 




r-r-byte-CY 




t 




ANI 


r,byte 


3 




r-rAbyte 




t 




ORJ 


r, byte 


3 




r — r V byte 








GTI 


r, byte 


3 




r - byte - 1 


No Borrow 


t 




LTI 


r. byte 


3 




r - byte 


Borrow 


t 




ONI 


r, byte 


3 




r A byte 


No Zero 






OFFI 


r, byte 


3 




r A byte 


Zero 






NEI 


r, byte 


3 




r - byte 


No Zero 


t 




EQI 


r, byte 


3 




r - byte 


Zero 


t 




IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) 


XRI 


sr2, byte 


3 


17 


sr2 — sr2 V byte 








ADINC 


sr2, byte 


3 


17 


sr2 -^ sr2 + byte 


No Carry 


t 




SUINB 


sr2, byte 


3 


17 


sr2 ♦- sr2 - byte 


No Borrow 


t 




ADI 


sr2, byte 


3 


17 


sr2 - sr2 + byte 




t 




ACI 


sr2, byte 


3 


17 


sr2 *~ sr2 + byte + CY 




t 




SUI 


sr2, byte 


3 


17 


sr2 •«- sr2 - byte 




t 




SBi 


sr2, byte 


3 


17 


sr2 ^ sr2 - byte - CY 




t 




ANI 


sr2, byte 


3 


17 


sr2 ♦- sr2 A byte 








ORI 


sr2, byte 


3 


17 


sr2 *- sr2 v byte 








GTI 


sr2, byte 


3 


14 


sr2 - byte - i 


No Borrow 


t 




LTI 


sr2, byte 


3 


14 


sr2 - byte 


Borrow 


t 




ONI 


sr2, byte 


3 


14 


sr2A byte 


No Zero 
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INSTRUCTION GROUPS (CONT.) 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 1 


cv 


^ 


IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) (CONT.) 


OFFI 


sr2, byte 


3 


14 


sr2Abyte 


Zero 




t 


NEI 


sr2, byte 


3 


14 


sr2 - byte 


No Zero 


t 


t 


EQI 


sr2, byte 


3 


14 


sr2 - byte 


Zero 


t 


t 


WORKING REGISTER 


XRAW 


wa 


3 


14 


A-A V(V,wa) 








ADDNCW 


wa 


3 


14 


A*- A + (V.wa) 


No Carry 






SUBNBW 


wa 


3 


14 


A^ A - (V, wa) 


No Borrow 






ADDW 


wa 


3 


14 


A-A + (V. wa) 








A DOW 


wa 


3 


14 


A-A + (V,wa) +CY 








SUBW 


wa 


3 


14 


A- A - (V,wa) 








SBBW 


wa 


3 


14 


A - A - (V, wa) - CW 








ANAW 


wa 


3 


14 


A^AA(V,wa) 








DRAW 


wa 


3 


14 


A^A v(V, wa) 








GTAW 


wa 


3 


14 


A^ (V,wa) - 1 


No Borrow 






LTAW 


wa 


3 


14 


A - (V, wa) 


Borrow 






GNAW 


wa 


3 


14 


A A(V, wa) 


No Zero 






OFFAW 


wa 


3 


14 


AA(V, wa) 


Zero 






NEAW 


wa 


3 


14 


A - (V, wa) 


No Zero 






EQAW 


wa 


3 


14 


A - (V,wa) 


Zero 






ANIW 


wa, byte 


3 


16 


(V, wa) — (V, wa) Abyte 








ORIW 


wa, byte 


3 


16 


(V, wa) *- (V, wa) vbyte 








GTIW 


wa, byte 


3 


13 


(V, wa) - byte - 1 


No Borrow 






LTIW 


w^, byte 


3 


13 


(V, wa) - byte 


Borrow 






ONIW 


wa, byte 


3 


13 


(V, wa)A byte 


No Zero 






OFFIW 


wa, byte 


3 


13 


(V,wa)Abyte 


Zero 






NEIW 


wa, byte 


3 


13 


(V, wa) - byte 


No Zero 






EQIW 


wa, byte 


3 


13 


(V, wa) - byte 


Zero 






INCREMENT/DECREMENT 


INR 


r2 


1 


4 


r2 ^ r2 + 1 


Carry 




t 


INRW 


, wa 


2 


13 


(V, wa) *- (V, wa) + 1 


Carry 




t 
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INSTRUCTION GROUPS (CONT.l 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 1 


CY 


M 


INCREMENT/DECREMENT (CONT.) 


DCR 


r2 


1 


4 


r2 - r2 - 1 


Borrow 




t 


DCRW 


wa 


2 


13 


(V, wa)^ (V,wa)- 1 


Borrow 




t 


INX 


rp 


1 


7 


rp — rp + 1 








DCX 


rp 


1 


7 


rp ^ rp - 1 










DAA 




1 


4 


Decimal Adjust Accumulator 




t 


t 


STC 




2 


8 


CY-1 




1 




CLC 




2 


8 


CY*-0 









ROTATE AND SHIFT 


RLD 




2 


17 


Rotate Left Digit 








RRD 




2 


17 


Rotate Right Digit 








RAL 




2 


8 


Am + 1 - Am, Aq *- CY, CY - A7 








RCL 




2 


8 


Cm + 1 ^ Cm, Co ^ CY, CY ^ C7 








RAR 




2 


8 


Am - 1 ^ Am, A7 ^ CY, CY ^ Aq 








RCR 




2 


8 


Cm - 1 ^ Cm, C7 - CY, CY - Co 








SHAL 




2 


8 


Am + 1 ^ Am, Ao *- 0, CY ^ Ay 








SHCL 




2 


8 


Cm + 1 ^ CM, Co ^ 0, CY ^ C7 








SHAR 




2 


8 


Am - 1 ^ Am, A7 - 0, CY - Aq 








SHCR 




2 


8 


Cm - 1 *- Cm, C7 *- 0, CY ^ Co 








JUMP 


JMP 


word 


3 


10 


PC — word 








JB 




1 


4 


PCh^B,PCl-C 








JR 


word 


1 


13 


PC <- PC + 1 + jdispl 








JRE 


word 


2 


13 


PC *- PC + 2 + jdisp 








CALL 


CALL 


word 


3 


16 


(SP- 1)^(PC-3)h,(SP-2)*- 
(PC-3)l, PC^word 








CALB 




1 


13 


(SP- 1)^(PC- 1)h.(SP-2)*- 
(PC- 1)l,PCh*-B,PCl^C 








CALF 


word 


2 


16 


(SP-I K(PC-2)h, (SP-2K(PC-2)l 
PC15~11^00001,PC10~0<-fa 








CALT 


word 


1 


19 


(SP-1 )^(PC-1 )h.(SP-2)^(PC-1 ) L 
PCL*-(128-2ta), PCH-(129+2ta) 








SOFT! 




1 


19 


(SP-1)-PSW,SP-2,(SP-3)-PC 
PC-0060h,SIRQ-1 
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INSTRUCTION GROUPS (CONT.) 



MNEMONIC 


OPERANDS 


NO. 
BYTES 


CLOCK 
CYCLES 


OPERATION 


SKIP 
CONDITION 


FLAGS 1 


cv] 


H 


RETURN 


RET 




1 


11 


PCL-{SP).PCh<-(SP+1) 
SP - SP - 2 








RETS 




1 


11+a 


PCl^(SP),PCh*-(SP + 1), 
SP ^ SP + 2. PC ^ PC + n 








RETI 




1 


,B 


pcl*-(sp),pch-<sp + i) 
psw-(sp+2).sp-sp+3,sirqh) 








SKIP 


BIT 


bit, wa 


2 


10 


Bit test 


(V.walbit 
= 1) 






SKC 




2 


8 


Skip if Carry 


CY = 1 






SKNC 




2 


8 


Skip if No Carry 


CY=0 






SKZ 




2 


8 


Skip If Zero 


Z = 1 






SKNZ 




2 


8 


Skip if No Zero 


Z = 






SKIT 


f 


2 


8 


Skip If INT X = 1. 
then reset INT X 


f = 1 






SKNIT 


f 


2 


8 


Skip If No INT X 
otherwise reset INT X 


f = 






CPU CONTROL 


NOP 




1 


4 


No Operation 








El 




2 


8 


Enable Interrupt 








01 




2 


8 


Disable Interrupt 








HLT 




1 


6 


Halt 








SERIAL PORT CONTROL 


SIO 




1 


4 


Start (Trigger) Serial I/O 








STM 




1 


4 


Start Timer 








INPUT/OUTPUT 1 


IN 


byte 


2 


10 


ABiB-s *~ B,AB743 ^ byte 
A*-DB7^ 








OUT 


byte 


2 


10 


AB15.8 ^ B,AB7^ - byte 
DB7^-A 








PEX 




2 


11 


PEi5^^B.PE7-0-C 








PEN 




2 


11 


PEi5.i2-B7^ 








PER 




2 


11 


Port E AB Mode 
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Program Status Word (PSW) Operation 



OPERATION 




D6 


05 


04 


03 


02 


oo 


REG, MEMORY 


IMMEDIATE 


SKIP 


Z 


SK 


HC 


LI 


LO 


CY 


ADD 
ADC 
SUB 
SBB 


ADDW 
ADCW 
SUBW 
SBBW 


ADDX 
ADCX 
SUBX 
SBBX 


ADI 
ACI 
SUI 
SBI 






t 





t 








t 


ANA 
ORA 
XRA 


ANAW 
DRAW 
XRAW 


ANAX 
ORAX 
XRAX 


ANI 
ORI 
XRI 


ANIW 
ORIW 




t 





• 








• 


ADDNC 
SUBNB 
GTA 
LTA 


ADDNCW 
SUBNBW 
GTAW 
LTAW 


ADDNCX 
SUBNBX 
GTAX 
LTAX 


ADINC 
SUINB 
GTI 
LTI 


GTIW 
LTIW 




t 


t 


t 








t 


ONA 
OFFA 


GNAW 
OFFAW 


ONAX 
OFFAX 


ONI 
OFFI 


ONIW 
OFFIW 




t 


t 


• 








• 


NEA 
EQA 


NEAW 
EQAW 


NEAX 
EQAX 


NEI 
EQI 


NEIW 
EQIW 




t 


t 


t 








t 


INR 
DCR 


INRW 
DCRW 










t 


t 


t 








• 


DAA 












t 





t 








t 


RAL, RAR, RCL, RCR 
SHAL, SHAR, SHCL, SHCR 





















t 


RLD. RRD 





















• 


STC 





















1 


CLC 


























MVI A, byte 











1 





• 




MVI L, byte 
LXI H,word 














1 


• 




BIT 

SKC 

SKNC 

SKZ 

SKNZ 

SKIT 

SKNIT 


• 


t 


• 








• 


RETS 


• 


1 


• 








• 


All other instructions 


• 





• 








• 



t Flag affected according to result of operation 

1 Flag set 

Flag reset 

• Flag not affected 
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ABSOLUTE MAXIMUM Operating Temperature -10°Cto+70°C 

RATINGS* Storage Temperature -65°C to +150°C 

Voltage On Any Pin -0.3V to -I-7.0V 

Ta = 25°C 

*COMMENT Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CH AR ACTE RISTICS -lo^c to +7o°c, vqc = +5.ov ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 







0.8 


V 




Input High Voltage 


V|H1 


2.0 




vcc 


V 


Except SCK. XI 


V|H2 


3.8 




vcc 


V 


SCK, XI 


Output Low Voltage 


Vol 






0.45 


V 


l0L = 2.0 mA 


Output High Voltage 


V0H1 


2.4 






V 


ioh = -iooma 


V0H2 


2.0 






V 


IOH=-500iuA 


Low Level Input Leakage Current 


ILIL 






-10 


mA 


V,N=OV 


High Level Input Leakage Current 


'lih 






10 


mA 


V|N = Vcc 


Low Level Output Leakage Current 


'lol 






-10 


mA 


VOUT = 0-45V 


High Level Output Leakage Current 


'loh 






10 


JuA 


VOUT = Vcc 


VcC Power Supply Current 


"cc 




110 


200 


mA 





CAPACITANCE Ta = 25°C. vcc = gnd = ov 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






10 


PF 


fc = 1 MHz 
All pins not 
under test at OV 


Output Capacitance 


Co 






20 


PF 


Input/Output Capacitance 


C|0 






20 


pF 
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-10°C to +70° C, Vcc = +5.0V ± 10% 



AC CHARACTERISTICS 





CLOCK TIMING 








PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MiN 


MAX 


XI Input Cycle Time 


tCYX 


227 


1000 


ns 




XI Input Low Level 
Width 


tXXL 


106 




ns 


XI Input High Level 
Width 


tXXH 


106 




ns 


•^OUT Cycle Time 


tCY(^ 


454 


2000 


ns 


0OUT Low Level Width 


t00L 


150 




ns 


0OUT High Level Width 


t00H 


150 




ns 


0OUT Rise/Fall Time 


tr,tf 




40 


ns 



READ/WRITE OPERATION 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


RTyL.E.-»></)6uTL.E. 


tR0 


100 




ns 


tCY</) = 500 ns 


Address (PEq-Ib) -► Data 
Input 


tADI 




560 + 500 X N 


ns 


RD T.E. -* Address 


tRA 


200(T3); 700(T4) 




ns 


kUL.E.-*- Data Input 


tRD 




350 + 500 X N 


ns 


RD T.E.-* Data Hold 
Time 


tRDH 







ns 


WCLow Level Width 


tRR 


850 + 500 X N 




ns 


TOL.E.-.W^TTL.E. 


tRWT 




450 


ns 


Address (PEq-Ib)-^ 
WAIT L.E. 


tAWTI 




650 


ns 


WAIT Set Up Time 
(Referenced from 
0OUT L.E.) 


tWTS 


290 




ns 


WAIT Hold Time 
(Referenced from 
0OUT L.E.) 


tWTH 





120 


ns 


M1->tWL.E. 


tMR 


200 




ns 


R15T.E.-*M1 


tRM 


200 




ns 


IG/KI-^ITUL.E. 


tiR 


200 




ns 


TOt.e.-^io/M 


tRI 


?00 




ns 


0outl.e.-*WRl.e. 


t0vy 


40 


125 


ns 


Address (PEq.i 5) -* 
<^OUT T.E. 


tA0 


100 




ns 


Address (PEo-i 5)-* 
Data Output 


tAD2 


450 




ns 


Data Output -t-WR" 

T.e, 


tDW 


6p0 + 500 X N 




ns 


WR T.E. - Data 
Stabilization Time 


tWD 


150 




ns 


Address (PE0.1 5)-* 

Wrle. 


tAW 


400 




ns 


Wi T.E. -*' Address 
Stabilization Time 


tWA 


200 




ns 


WR Low Level Width 


tww 


600 + 500XN 




ns 


IO/M"^WR L.E. 


t|W 


500 




ns 


WRT.I.-IO/M 


twi 


250 




ns 
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AC CHARACTERISTICS 
(CONT.) 



SERIAL I/O OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


SCK Cycle Time 


tCYK 


800 




ns 


SCK Input 


900 


4000 


ns 


SCK Output 


SCK Low Level Width 


tKKL 


350 




ns 


SCK Input 


400 




ns 


SCK Output 


SCK High Level Width 


tKKH 


350 




ns 


SCK Input 


400 




ns 


SCK Output 


SI Set-Up Time (referenced from SCK T.E.) 


tsis 


80 




ns 




SI Hold Time (referenced from SCK T.E.) 


tSIH 


260 




ns 


SCK L.E.-^ SO Delay Time 


tKO 




180 


ns 


SCS High ^ SCK L.E. 


tCSK 


100 




ns 


SCK T.E. -> SCS Low 


tKCS 


100 




ns 


SCKT.E.-^SAKLow 


tKSA 




260 


ns 



HOLD OPERATION 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


CONDITION 


HOLD Set-up Time (referenced from 
0OUT L.E.) 


tHDSi 


200 




ns 


tCY0 = 500 ns 


tHDS2 


200 




ns 


HOLD Hold Time (referenced from 0OUT 
L.E.) 


tHDH 







ns 


0OUTL.E.->HLDA 


^DHA 


110 


100 


ns 


HLDA High -» Bus Floating (High Z State) 


tHABF 


-150 


150 


ns 


HLDA Low -►Bus Enable 


tHABE 




350 


ns 




(T) AC Signal waveform (unless otherwise specified) 



0.45 




MEASURING 
POINTS 




(2) Output Timing is measured with 1 TTL + 200 pF measuring points are Vqh ~ 2.0V 

Vol = 0.8V 

(3) L.E. = Leading Edge, T.E. = Trailing Edge 
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tcY^ DEPENDENT AC PARAMETERS 



PARAMETER 


EQUATION 


MIN/MAX 


UNIT 


tR0 


(1/5) T 


MIN 


ns 


^ADi 


(3/2 + N)T-200 


MAX 


ns 


tRA (T3) 


(1/2) T- 50 


MIN 


ns 


tRA (T4) 


(3/2) T - 50 


MIN 


ns 


tRD 


(1 + N)T- 150 


MAX 


ns 


tRR 


(2 + N)T- 150 


MIN 


ns 


tRWT 


(3/2) T- 300 


MAX 


ns 


tAWTi 


(2)T- 350 


MAX 


ns 


^MR 


(1/2)1-50 


MIN 


ns 


tRM 


(1/2) T- 50 


MIN 


ns 


t|R 


(1/2) T- 50 


MIN 


ns 


tRI 


(1/2) T- 50 


MIN 


ns 


t0W 


(1/4)1 


MAX 


ns 


tA0 


(1/5) T 


MIN 


ns 


tAD2 


T- 50 


MIN 


ns 


^DW 


(3/2+ N)T- 150 


MIN 


ns 


%D 


(1/2) T- 100 


MIN 


ns 


tAW 


T- 100 


MIN 


ns 


%A 


(1/2) T- 50 


MIN 


ns 


tww 


(3/2 + N)T- 150 


MIN 


ns 


t|W 


T 


MIN 


ns 


%l 


(1/2) T 


MIN 


ns 


^HABE 


(1/2) T- 150 


MAX 


ns 



Notes: ® N = Number of Wait States 
@ T = tcY0 

(3) Only above parameters are tQy. dependent 

(4) When a crystal frequency other than 4 MHz is used (tcY^i, = 500 ns) 
the above equations can be used to calculate AC parameter 
values. 



AC CHARACTERISTICS 
(CONT.) 



CLOCK TIMING 




TIMING WAVEFORMS 
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TIMING WAVEFORMS 
(CONT.) 






■ t</H^L ». 



^. 



\_ 



«OUT 
00~7 



J L 



READ OPERATION 



J \ I \ r 



WRITE OPERATION 



r-T 



1 / \ / V / 



°"ZDC 



•ACTIVE ONLY WHEN 10/*! IS ENABLED 
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SERIAL I/O OPERATION 



-•tslS*--»tsiH*^ 



^!= \ 



J- 



t_ 



TIMING WAVEFORMS 
(CONT.) 



HOLD OPERATION 



a,. 


(Tjl 


ACHIN 


fT3l 


^ 
















uj. "1- 


(I3I 


' 






*■ ""■■" •■ 


Hull, 


' 


■ H&,.u 




*OUT ^ ^ 








\ 


' ^-^ 


\ 




'HDS 




\^ 




> 


• * 




'HDH 




r* 








' 






'. 


_i 












* 




» t0HA 








-S 1 


^ 






-< 
















^ 


-1 








^.HAB 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic Quii, |jiPO7801G/02G 

Plastic Shrlnkdip, (xPD7801CW m,PD7802CW 



4-34 



7801/7802DS-REV2-7-83-CAT-W 



SEC 



lxPD78C06l\xPD78C05 

CMOS HIGH-END 8-BIT 

SINGLE-CHIP MICROCOMPUTER 



Description 

The NEC jjlPD78C06/|jlPD78C05 are advanced CMOS 
8-bit general purpose single-chip microcomputers intended 
for applications requiring 8-bit microprocessor control and 
extremely low power consumption, and ideally suited for 
portable, battery-powered/backedup products. Subsets of 
the ^xPD7801, the |xPD78C06/05 integrate an 8-bit ALU, 
4K-R0M, 128-byte RAM, 46 I/O lines, an 8-bit timer, and a 
serial I/O port on a single die. Fully compatible with the 
8080A bus structure, expanded system operation can 
easily be implemented using Industry standard peripheral 
and memory components. Total memory space can be 
increased to 64K-bytes. 

The jjlPD78C06/05 lend themselves well to low power, 
portable applications by featuring two power down modes 
to further conserve power when the processor is not active. 
The fjLPD78C06 is packaged in a 64-pin flat pack. The 
|xPD78C05 is a ROM-less version packaged in a 64-pin 
QUIL, designed for prototype development and small 
volume production. 
Features 

D CMOS silicon gate technology + 5V supply 
D Complete single-chip microcomputer 

- 8-bit ALU 
-4K-R0M 
-128-ByteRAM 

D Low power consumption 

D 46 I/O lines 

D Expansion capabilities 

- 8080A bus-compatible 

- 60K-byte external memory address range 
D Serial I/O port 

D 101 instruction set 

- Multiple address modes 
D Power-down modes 

- Halt mode 

- Stop mode 
D 8-bit timer 

D Prioritized interrupt structure 

- 2 external 
- 1 internal 

D On-chip clock generator 

D 64-pln flat pack 

D ROM-less version available (78C05) 

Pin identification 



Pin Configuration 



Symbol 












Name 


PA7-PAo,PB7- 


-PBo 


PCs- 


-PCo 


PE15 


-PEo 


I/O Ports 


DB7-DB0 












Data Bus 


WAIT 












Wait Request 


INTo, INT1 












Interrupt Request 


X2, Xi 












Crystal 


SCK 












Serial Clock Input/Output 


SI 












Serial Input 


so 












Serial Output 


RESET 












Reset 


RD 












Read Strobe 


WR 












Write Strobe 


<i>OUT 












Clock Output 



o o X a! 



J J « W *; 

> OL 0. CL a 



a 



NCC 

DB3C: 

DB2C: 

DBi 
DBoC 



n n n n n r 


M 
...J 


11 


ftf 


SS88S 


« 8 8 « 8 i^, 





AB,5 = 


1 


KJ 64 


=3 


4>outC. — - 


2 


63 




DB7 c= 


3 


62 


=3 


DB6C=d 


4 


61 




DB5 c 


5 


60 


=3 


DB,c= 


6 


59 




DB3 1= 


7 


58 


=a 


DB,'c== 


8 


57 




DB, c= 


9 


56 


=3 


DBoC= 


10 


55 




N.C. = 


11 


54 


=3 


INT,! 


12 


53 




INTo = 


13 


52 


ra 


WAITC== 


14 


51 




M, c 


15 


50 


=3 


WRc== 
RD C 


16 
17 


fjLPD7aC05 48 


3~' 


PC5C=Z= 


18 


47 




PC4 t= 


19 


46 


=3 


PC3C== 


20 


45 




PC2 c 


21 


44 


13 


PC,, 


22 


43 




PCo c 


23 


42 


=3 


RELC^ 


24 


41 




TO Cd 


25 


40 


=3 


SCKt- — 


26 


39 




SI C 


27 


38 


=3 


SOl 


28 


37 




RESET cq 


29 


36 


ra 


X2I=_^ 


30 


35 


bv:.,._j 


X1 c 


31 


34 


=3 


Vss« 


32 


33 





Vcc 
AB14 
AB13 

ABg 
AB7 
ABe 
AB5 
AB4 
AB3 
AB2 
AB^ 
ABo 
PB7 
PBe 
PB5 
PB4 
PB3 
PB2 
PBi 
PBo 
PA7 
PAe 
PA5 
PA4 
PA3 
PA2 
PAi 

PAn 



REV/1 
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Block Diagram 



1NT10 





P<A>SI\A>°^^' 



Inst. Reg. 



Instruction 
Decoder 



Read/Write 
Control 


Timing 
Control 


System Control 



TiT^r 11111 1 I 



PA7.Q 



Reset "t-Out 



VCC vss 



Table 1. Halt and Stop Modes 



Function 


Halt Mode 


Stop Mode 


Oscillator 


Run 






Stop 


Stop 


Timer 


Run 






Hold 


Set 


Upcounter, Prescaier 0, 1 




Cleared 


Serial Interface 




Run® 


Serial Cloclc 


Hold 


Hold 


Interrupt Control Circuit 


Run 


Stop 


Interrupt Enable Flag 


Hold 


Reset 


INTo, INT, Input 




Inactive 


INTt 


Active 


— 


TedNTFS) 




— 


Masit Register 




Set 


Pending Interrupts (INTFX) 




Reset 


REL Input 


Inactive 




RESET Input 


Active 





On-chip RAM 



Output Latch in Ports A, B, E 



Program Counter (PC) 



Stack Pointer (SP) 



General Registers 
(A, B, C, D, E, F, L) 



Program Status Word (PSW) 



Mode B Register 



Standby Control Register (SC0-SC3) 
Standby Control Register (SC4) 
Timer Mode Register (TMMo-TMM,) 
Timer Mode Register (TMMi) 



Serial Mode Register (SM) 




Hold 


Data Bus (DBo-DBr) 


High-Z 


High-Z 


RD, WR Output 


High 


High 



Note: ® Serial clock counter is running and Tq is generated, however, there are no effects 
from It 



4-36 



Functional Description 
Memory map 

The |jlPD78C06 can directly address up to 64K bytes of 
memory. Except for the on-chip ROiVI (0-4,095) and RAM 
65,408-65,535), any memory location can be used as 



^PD78C06/78C05 

either ROM or RAM. The following memory map defines 
the 0-64K-byte memory space for the |jlPD78C06 showing 
that the Reset Start Address, Interrupt Start Address, Call 
Tables, etc., are located in the internal ROM area. 



4,095 
4,096 



Internal ROM 
4,096 X 8 



External 
Memory 
61,312 X 8 



65,279 
65,280 



65,407 
65,408 



Internal RAM 
128 X 8 




Reset/Stop Release 



Low Address 




Low Address 



High Address 



I/O Ports 


Port 


Functions 


Port A 


8-bit output port with latch 


PortB 


8-bit programmable Input/Output port with latch 


Porte 


6-bit nibble I/O or Control port 


PortE 


16-bit Address/Output port 



Port A. Port A is an 8-bit latched output port. Data can be 
readily transferred between the accumulator and the output 
latch buffers. The contents of the output latches can be 
modified using arithmetic and logic instructions. Data 
remains latched at Port A unless acted on by another Port A 
instruction or a RESET is issued. 
Port B. Port B is an 8-bit I/O port. Data is latched at Port B 
in both the Input or Output mode. Each bit of Port B can be 
independently set to either Input or Output modes. The 
Mode B register programs the individual lines of Port B to 
be either an Input (Mode B^ = ^) or an Output (Mode B^^o) 
Port C. Port is a 6-bit I/O port with internal pull-up 
resistors. 



Port E (78C06). Port E is a 16-bit address bus/output port. 
It can be set to one of two operating modes using the PER 
or PEX instruction. 
D 1 6-bit address bus — the PER instruction sets this 

mode for use with external I/O or memory expansion 

(up to 60K bytes, externally). 
D 16-bit output port — the PEX instruction sets Port E to 

a 16-bit output port. The contents of B and registers 

appear on PEg-PE-jg and PEq-PE-,, respectively. 
Address bus AB^g-ABo (78C05) 
These lines are the 16 bit-to-bit address bus to the main 
memory. The 78C05, having no internal ROM, must 
address the area from to 4096 as external ROM. 
The 78C05 AB lines are unlike the 78G06 PE lines in that 
they have no internal latches. When the Port E output 
instruction PEX is executed m a 78C05, the register pair 
BO is output to the AB lines for only one clock cycle during 
the third machine cycle. This is provided to allow external 
hardware to emulate the Port E operation of the 78C06. 
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Functional Description (Cont.) 



, .-^-. 


"rr'-Tr 


' ■ T. 


• 1 


Ti 


T, T3 


T4 


- 1 - 


"tT"' 


""t7- 


T, 


mV — 




-\ 
























ABy 


1st Byte Fetch 




X 




2nd Byte Fetch 




X. 


BC 


X 





Timer Block Diagram 



INSTRUCTION » 




System Clock = Oscillation Frequency x 1/4 



Timer operation 

A programmable 8-bit timer is provided on-chip for 
measuring time intervals, generating pulses, and general 
time-related control functions. It is capable of measuring 
time intervals from 8|uls to 32ms in duration. The timer con- 
sists of a prescaler which decrements an 8-bit counter at a 
fixed 8|jls or 128fxs rate. Count pulses are loaded into the 
8-bit upcounter through the timer register. 
Countup operation is initiated upon execution of the STM 
instruction when the contents of the upcounter are fully 



incremented and a coincidence occurs, an interval interrupt 
(INT-t) is generated. Count operation may be reinitialized 
with the STM instruction. The duration of the timeout may 
be altered by loading new contents into the timer register. 
The timer flip-flop is set by the STM instruction and reset 
on a countup operation. Its output (Tq) is available exter- 
nally and may be used for general external 
synchronization. 

Timer interrupt (INTy) may be disabled through 
the interrupt. 



Serial Port Block Diagram 



S.0 [>- 



H 






Serial Register (S/P Conversion) 
■-SB I II I III MSB 




Tg (INTS) 
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Functional Description (Cont.) 

Serial port operation 

The on-chip serial port provides basic synchronous serial 
communication functions allowing the NEC |jlPD78C06/05 
to serially interface with external devices. 
Serial transfers are synchronize d with either the internal 
clock or an external clock input (SCK). The transfer rate is 
fixed at 0.5 Mbit/second if the internal clock is used or is 
variable between DC and 0.5 Mbit/second when an exter- 
nal clock is used. The Clock Source Select is determined 
by t he M ode C register. The serial clock (internal or exter- 
nal SC K) is enabled when the Serial Chip Select signal 
(SCS) goes low. At this time receive and transmit opera- 
tions through the Serial Input port (Sl)/Serial Output port 
(SO) are enabled. Receive and transmit operations are 
performed MSB first. 

Interrupt structure 

The |jlPD78C06/05 provide a maskable interrupt 
structure capable of handling vectored prioritized 
interrupts. Interrupts can be generated from six different 
sources: two external interrupts, two internal interrupts, 
and nonmaskable software interrupt. When activated, each 
interrupt branches to a designated memory vch 
interrupt branches to a designated memory vector location 
for that interrupt. 

Interrupt Structure 



INT 


Location 




Type 


INTj 


8 


3 


Internal, Timer 
Overflow 


INTo 


4 


2 


External, level sensitive 


INT, 


16 


4 


External, Rising edge 
sensitive 



RESET (Reset) 

An active-low signal on this input for more t han 4|jls forces 

the |jlPD780C06/05 into a Reset condition. RESET affects 

the following internal functions: 

D The Interrupt Enable flags are reset, and interrupts 
are inhibited. 

D The Interrupt Request flag is reset. 

n The Halt flip-flop is reset, and the Halt state is released. 

D The contents of the Mode B register are set to FFh, and 
Port B becomes an input port. 

n All flags are reset to 0. 

D The internal Count register for timer operation is set to 
FFh ^^^ the timer F/F is reset. 

D The contents of the program counter are set to OOOOh- 

D Data bus (DBo-DBy), RD, and WR go to a high imped- 
ance state. 

Once the RESET input goes high, the program is started at 

location OOOOh- 

Registers 

The |jlPD78C06/05 contain seven 8-bit registers and two 

16-bit registers. 



B 


C 


D 


E 


H 


L 



General purpose registers. The general purpose regis- 
ters A, B, C, D, E, H, L, can function as auxiliary registers to 
the accumulator or in pairs as data pointers (BC, DE, HL). 
Automatic increment and decrement addressing mode 
capabilities extend the uses for the DE and HL regis- 
ter pairs. 

Accumulator (A) 

All data transfers between the |jlPD78C06/05 and external 
memory or I/O are done through the accumulator. 
Program counter (PC) 

The PC is a 16-bit register containing the address of the 
next instruction to be fetched. Under normal program flow, 
the PC is automatically incremented. However, in the case 
of a branch instruction, the PC contents are from another 
register or an instruction's immediate data. A reset sets the 
PC to OOOOh- 
Stack pointer (SP) 

The stack pointer is a 16-bit register used to maintain the 
top of the stack area (last-in/first-out). The contents of the 
SP are decremented during a Call or Push instruction or if 
an interrupt occurs. The SP is incremented during a Return 
or POP instruction. 




Address i\/iodes 

Register addressing 
Register indirect 

addressing 
Automatic increment 

addressing 
Automatic decrement 

addressing 

Register addressing 



Working-register 

addressing 
Direct addressing 
Immediate addressing 
Immediate extended 

addressing 



Operand 



The instruction opcode specifies a register r which contains 
the operand. 

Register indirect addressing 







rp 




Memory 


Opcode 




A ress 




Operand 









The instruction opcode specifies a register pair which con- 
tains the memory address of the operand. Mnemonics with 
an X suffix are ending this address mode. 
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Address Modes (Cont.) 

Automatic increment addressing 







i-p 




Memory 






Address 


Operand 


pco e 




I ■ 
















,„' ,, 





The opcode specifies a register pair which contains the 
memory address of the operand. The contents of the regis- 
ter pair are automatically incremented to point to a new 
operand. This mode provides automatic sequential step- 
ping when working with a table of operands. 

Automatic decrement addressing 

Memory 



5 



Working-register addressing 



PC 


On 




















PC + 1 


Displacement 






8 7 










15 







FFHex 1 


1 




1 




t 





Memory 



The contents of the register are linked with the byte follow- 
ing the opcode to form a memory address which contains 
the operand. The V register is used to indicate the mem- 
ory page. This address mode is useful as a short-offset 
address mode when working with operands in a common 
memory page where only one additional byte is required 
for the address. Mnemonics with a W suffix indicate 
this address mode. In the 78C06/05 the V register is 
always FFH. 

Direct addressing 



Opcode 



Memory 



Opcode 



2 Bytes 

The two bytes following the opcode specify an address of a 
location containing the operand. 

Immediate addressing 

PC 

PC + 1 
Immediate extended addressing 

PC 

PC + 1' 
PC + 2 



Low Operand 



Instruction Set Definitions 


Operand 


Description 


r 


A, B, C, D, E, H, L 


r1 


B, 0, D, E, H, L 


r2 


A,B,C 


sr 


PA, PB, PC, IWIK, iVlB, TMo, TIVIi, 8, 
SM, SO 


sr1 


PA, PB, PC, MK, 8, TIVIo, TM,, 8C 


sr2 


PA, PB, PC, MK 


rp 


8P, B, D, H 


rp1 


B, D,H 


rpa 


B,D,H,D + ,H + ,D-,H- 


wa 


8-bit immediate data 


word 


16-bit immediate data 


byte 


8-bit immediate data 


bit 


3-bit immediate data 


if 


F0,1,FT,F8 


F 


CY,Z 



Notes: 1 . When special register operands sr, sr1 , sr2 are used, PA = 
Port A, PB = Port B, PC = Port C, MK = Mask register, 
MB = Mode B register, MC = Mode C Register, TMq = 
Timer register 0, TMi = Timer register 1 , S = Senal register. 

2. When register pair operands rp, rp1 are used, SP = Stack 
Pointer, B = BC, D = DE, H = HL. 

3. Operands rPa, rPa1 , wa are used in indirect addressing and 
auto-increment/auto-decrement addressing modes. 

B = (BC), D = (DE), H = (HL) 

D+ = (DE) + ,H+ = (HL) + ,D- = (DE)-,H- = (HL)-. 

4. When the interrupt operand if is used, FO = INTRO, F1 = 
INTF1, FT = INTFX FS = INTFS. 

5. When the operand F is used, CY = Carry and Z = Zero. 

6. The V register is always FFHex. 

Instruction Set 



Mnemonic Opersnd 


Bytes Cycles Operation Condition CY Z 


8-bit Data Transfer 


MOV 


r1,A 


1 


6 


n^A 


MOV 


A,r1 


1 


6 


A^rl 


MOV 


sr,A 


2 


14 


sr^A 


MOV 


A, srI 


2 


14 


A<-sr1 


MOV 


r, word 


4 


25 


r^(word) 


MOV 


word, r 


4 


25 


(word) ^ r 


MVI 


r.byte 


2 


11 


r ^ byte 


STAW 


wa 


2 


14 


(V,wa)-A 


LDAW 


wa 


2 


14 


A^(V,wa) 


STAX 


rpa 


1 


39 


(rpa)^A 


LOAX 


rpa 


1 


9 


A^(rpa) 


16-bit Data Transfer 


SBCD 


word 




28 


(word) ^ 0, (word + 1) *- B 


SDEO 


word 




28 


(word)^E,(word + 1)^D 


SHLD 


word 




28 


(word)^L,(word + 1)*-H 


SSPD 


word 




28 


(word) ^ SPl, 
(word + 1)^SPH 


LBOD 


word 




28 


C*-(word),B^(word + 1) 


LDED 


word 




28 


E ^ (word), D^ (word + 1) 


LHLD 


word 




28 


L<-(word),H^(word + 1) 


LSPD 


word 




28 


SPL^(word), 
SPH^(word + 1) 


PUSH 


rpl 


2 


21 


(SP-l)-rplH, 
(SP-2)«-rplL 


POP 


rpl 


2 


18 


rplL^(SP) 
rplH-(SP + 1), 
SP^SP + 2 


LXI 


rp, word 


3 


16 


rp *- word 
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Instruction Set (Cont.) 






Mo. Clock 


Skip 
Condition 


Flags 
CY Z 


Arithmetic 


ADD 


A,r 


2 


12 


A^A + r 






ADDX 


rpa 


2 


15 


A-A + (rpa) 






ADC 


A, r 


2 


12 


A ^ A + r + CY 






ADCX 


rpa 


2 


15 


A <- A + (rpa) + CY 






SUB 


A,r 


2 


12 


A<-A - r 






SUBX 


rpa 


2 


15 


A-A-(rpa) 






SBB 


A,r 


2 


12 


A ^ A - r - CY 






SBBX 


rpa 


2 


15 


A-A-(rpa)-CY 






ADDNC 


A,r 


2 


12 


A^A + r 


No Carry 




ADDNCX 


rpa 


2 


15 


A^A + (rpa) 


No Carry 




SUBNB 


A,r 


2 


12 


A^A- r 


No Borrow 




SUBNBX 


rpa 


2 


15 


A-A + (rpa) 


No Borrow 




Logical 


ANA 


A,r 


2 


8/12 


A*-A\r 






ANAX 


rpa 


2 


11/15 


A^A\(rpa) 






ORA 


A,r 


2 


12 


A^AVr 






ORAX 


rpa 


2 


15 


A^AV(rpa) 






XRA 


A,r 


2 


12 


A^AVr 






XRAX 


rpa 


2 


15 


A-AV(rpa) 






GTA 


A,r 


2 


12 


A- r- 1 


No Borrow 


I I 


GTAX 


rpa 


2 


15 


A - (rpa) - 1 


No Borrow 


t t 


LTA 


A,r 


2 


12 


A- r 


Borrow 


I I 


LTAX 


rpa 


2 


15 


A - (rpa) 


Borrow 


t t 


ONA 


A,r 


2 


12 


AAr 


No Zero 




ONAX 


rpa 


2 


15 


A A (rpa) 


No Zero 




OFFA 


A,r 


2 


12 


AAr 


Zero 




OFFAX 


rpa 


2 


15 


A A (rpa) 


Zero 




NEA 


A,r 


2 


12 


A- r 


No Zero 


I I 


NEAX 


rpa 


2 


15 


A - (rpa) 


No Zero 


t I 


EQA 


A,r 


2 


12 


A- r 


Zero 


t I 


EQAX 


rpa 


2 


15 


A - (rpa) 


Zero 


t t 


immediate Data Transfer (Accumulator) 


XRI 


A, byte 


2 




A^AVbyte 






ADINC 


A, byte 


2 




A-A + byte 


No Carry 


I I 


SUINB 


A, byte 


2 




A ^ A - byte 


No Borrow 


I I 


ADI 


A, byte 


2 




A«-A + byte 




I t 


ACI 


A, byte 


2 




A^A + byte + CY 




I I 


SUI 


A, byte 


2 




A ^ A - byte 




t I 


SBI 


A, byte 


2 




A^A-byte-CY 




t I 


ANI 


A, byte 


2 




A^AAbyte 






ORI 


A, byte 


2 




A^AVbyte 






GTI 


A, byte 


2 




A - byte - 1 


No Borrow 


t I 


LTI 


A, byte 


2 




A - byte 


Borrow 


t I 


ONI 


A, byte 


2 




A A byte 


No Zero 




OFFI 


A, byte 


2 




A A byte 


Zero 




NEI 


A, byte 


2 




A- byte 


No Zero 


I t 


EQI 


A, byte 


2 




A -byte 


Zero 


t I 




ANI 


sr2, byte 


3 


17 


sr2«-sr2Abyte 




t 


ORI 


sr2, byte 


3 


17 


sr2^sr2Vbyte 




t 


OFFI 


sr2, byte 


3 


14 


sr2 A byte 


Zero 


I 


ONI 


sr2, byte 


3 


14 


sr2 A byte 


No Zero 


t 


Working Register 


ANIW 


wa, byte 


3 


16 


(V,wa)^(V,wa)Abyte 






ORIW 


wa, byte 


3 


16 


(V,wa)^(V,wa)Vbyte 






GTIW 


wa, byte 


3 


13 


(V,wa)-byte-1 


No Borrow 


t I 


LTIW 


wa, byte 


3 


13 


(V, wa) - byte 




I t 


ONIW 


wa, byte 


3 


13 


(V,wa)Abyte 


No Zero 




OFFIW 


wa, byte 


3 


13 


(V, wa) A byte 


Zero 




NEIW 


wa, byte 


3 


13 


(V, wa) - byte 


No Zero 


t t 


EQIW 


wa, byte 


3 


13 


(V, wa) - byte 


Zero 


I I 



Instruction Set (Cont.) 




No. Clock 
Mnemonic Operand Bytes Cycles Operation 


Skip •"'«» 
Condition CY Z 


increment/Decrement 


INR 


r2 


1 


4 


r2 -^ r2 + 1 


Carry I 


INRW 


wa 


2 


13 


(V, wa) *- (V, wa) + 1 


Carry I 


DCR 


r2 


1 


4 


r2 ^ r2 - 1 , 


Borrow | 


DCRW 


wa 


2 


13 


(V,wa)-^(V,wa)-1 


Borrow I 


INX 


rp 


1 


7 


rp <- rp + 1 




OCX 


rp 


1 


7 


rp ^ rp - 1 




Miscellaneous 


DAA 




1 


4 


Decimal Adjust 
Accumulator 


t I 


STC 




2 


8 


CY^1 


1 


CLC 




2 


8 


CY<-0 





Rotate and Shift 


RLD 




2 


17 


Rotate Left Digit 




RRD 




2 


17 


Rotate Right Digit 




RAL 




2 


8 


Am + 1^Am,Ao^CY, 
CY-A^ 


I 


RAR 




2 


8 


Am- 1^Am,A7^CY, 
CY^Ao 


: 


RAL 




2 


8 


Am + I^Am.Ao^CY, 
CY«-A7 


t 


Jump 


JMP 


word 


3 


10 


PC ^ word 




JB 




1 


4 


PCh-B,PCl-C 




JR 


word 


1 


13 


PC ^ PC + 1 + jdispl 




JRE 


word 


2 


13 


PC^PC + 2 + jdisp 




Call 


CALL 


word 


3 


16 


(SP-1)-(PC-3)h, 
(SP-2)*-(PC-3)l, 
PC ^ word 




CALF 


word 


2 


16 


(SP-1)-(PC-2)h, 
(SP-2)*-(PC-2)l, 
PCi5-PCii<- 00001, 
PCio-PCo-fa 




CALT 


word 


1 


19 


(SP-1)-(PC-1)h, 
(SP-2)^(PC-1)l, 
PCL-(128-2ta), 
PCh^(129 + 2ta) 




Return 


RET 




1 


11 


PCl-(SP),PCh-(SP + 
SP^SP-2 


1) 


RETS 




1 


11 + i 


, PCl^(SP),PCh<-(SP + 1), 
SP^SP + 2,PC*-PC + n 


RETI 




1 


15 


PCl-(SP),PCh-(SP + 
PSW*-(SP + 2), 
SP-SP + 3,SIRQ-0 


1) 


Skip 


SKNC 




2 


8 


Skip if No Carry 


CY = 


SKNZ 




2 


8 


Skip If No Zero 


Z = 


SKNIT 


f 


2 


8 


Skip If No INT X 
otherwise reset INT X 


f = 




NOP 




1 


4 


No Operation 




El 




2 


8 


Enable Interrupt 




Dl 




2 


8 


Disable Interrupt 




Serial Port Control 


SIO 




1 


4 


Start (Trigger) Serial I/O 




STM 




1 


4 


Start Timer 




Port E Control 


PEX 




2 


11 


PEi5_8 *- B, PEy.Q «- C 




PER 




2 


11 


Port E AB Mode 
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Program Status Word (PSW) Operation 







Operation 






D6 


D5 


D4 


D3 


D2 


DO 




Reg. Memory 




Skip 


Z 


SK 


HC 


LI 


LO 


CY 


ADD 




ADDX 


ADI 


















ADC 




ADCX 


ACI 





















SUB 




SUBX 


SUI 












SBB 




SBBX 


SB! 


















ANA 




ANAX 


ANI 


ANIW 
















ORA 




ORAX 


ORI 


ORIW 




t 





• 








• 


XRA 




XRAX 


XRI 


















ADDNC 


ADDNCX 


ADINC 


















SUBNB 


SUBNBX 


SUINB 




















GTA 




GTAX 


GTI 


GTIW 












LTA 




LTAX 


LTI 


LTIW 




















ONAX 


ONI 


ONIW 






















OFFAX 


OFFI 


OFFIW 








* 


* 


NEA 




NEAX 


NEI 


NEIW 






t 












EQA 




EQAX 


EQI 


EQIW 










INR 


INRW 














t 








• 


DCR 


DCRW 












t 


DAA 












t 





t 








t 


RLL, RLR 










• 





m 








t 


RLD- 


RRD 










• 





• 








• 


STC 












• 





• 








1 


CLC 












• 





• 

















MVIA 


byte 




• 





• 


1 





• 








MVI L, byte 
LXI H, word 




• 





• 





1 


• 












SKNC 
























SKNZ 


• 


t 


• 








• 












SKNIT 
























RETS 


• 


1 


• 








• 




All other instructions 






• 





• 








• 



Notes: J Flag affected according to result of operation 

1 Flag set 

Flag reset 

• Flag not affected 



Absolute Maximum Ratings* 

(Ta = 25°C) 



Supply Voltage, Vcc 


- 0.3V to + 7.0V 


Input Voltage, V, 


- 0.3V to Vcc + 0.3V 


Output Voltage, Vo 


- 0.3V to Vcc + 0.3V 


Output High Current, Iqh (Device Total) 


-5mA 


Output Low Current, Iql (Device Total) 


43.5mA 


Operating Temperature, Tqpt 


-10Xto+70°C 


Storage Temperature, Tstg 


-40''Cto+125°C 



*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

DC Ciiaracteristics 

Ta = -10°C to +70°Cj Vcc = 5V ± 10% 





Symbol 


Limits 




Unit 






Min 


Typ 


Max 


Test Conditions 




V|H1 


0.7Vcc 




Vcc 


V 


Except DBo-DB7,Xi 


Input High Voltage 


V,H2 


Vcc - 2.0 




Vcc 


V 


DB0-DB7 




V,H3 


Vcc - 0.5 




Vcc 


V 


Xi 




V,L1 







0.3Vcc 


V 


Except DBo-DB7,Xi 


Input Low Voltage 


V,L2 







0.8 


V 


DB0-DB7 




V,L3 







0.5 


V 


Xi 




V0H1 


2.4 






V 


loH = -100f.A 




V0H2 


Vcc - 0.5 






V 


Iqh = -50|xA 


Output Low Voltage 


Vol 






0.45 


V 


lot = 1.8mA 


Input High Current 


I.H1 


8 




90 


|xA 


V,N = Vcc(REL) 


l|H2 






40 


ixJK 


V,N = Vcc(Xi) 



DC Characteristics 

Ta = -10°Cto +70°C; Vcc = 5V ± 10% 







Limits 




Unit 




Parameter 


Symbol Min 


Typ 


Max 


Test Conditions 


Input Low Current 


I|L1 -8 




-90 


^tA 


V,N = OV(WAIT,PCo-PC5) 


I|t2 




-40 


IxA 


V,N = OV(Xi) 


Input High Leakage 
Current 


'lih 




3 


(.A 


V,N = Vcc 

(Except REL, X^) 


Input Low Leakage 


"liu 




-3 


(xA 


V|N = OV Except WAIT, 
PCo-PCs.X, 


Current 


IlIL2 




-3 


PlA 


V,N = OV 
(Stop Mode, Xi) 


Output High 
Leakage Current 


Iloh 




3 


^JlA 


VouT = Vcc 


Output Low 
Leakage Current 


Ilol 




-3 


^.A 


VouT = OV 



mA Operation Mode 



Vcc Supply Current ^^^ 



mA Halt Mode 



ICC3 




1 15 


jxA 


Stop Mode (Xi = OV, 
X2 = Open) 


Low Power Data Memory Retention 
Characteristics for Stop IMode Operation 
Ta= -10Xto+70°C 






Limits 


Unit 




Parameter Symbol 


ilfin 


Typ Max 




Data Retention ., 
Voltage ^ccdr 


2.0 




V 




Data Retention , 
Supply Current 'ccdr 




0.8 15 


^A 


VccDR = 2.0V,(Xi=OV 
X2 = Open) 


Data Retention Input „ 
Low RES Voltage ^"-D" 





0.2VccDR 


V 




Data Retention Input „ 
High RESET Voltage ^'"0" 


0.8VccDR 


VCCDR 


V 




REL Input Delay 

Time ^° 


500 




(XS 




REL Input High Time t^EL 


10 




ixS 





Notes: In data retention mode, Input voltages to WAIT and PC0-PC5 pins (with pull-up resistors) 
should be maintained same as Vqcdr level, other input voltages should be kept less than 
VccDR level 



h*-tREL'-^ 



DC Characteristics 

Read/Write Operation 



Symbol Min 



Test Conditions 



RDLEtOctourLE 


R* 


300 




ns 


Address (PE0-PE15) 
to Data Input 


AD1 




1200 

+ 1000 

X N 


ns 


RD TE to Address 


RA 


300 (T3) 
1300 (T4) 




ns 


RDLE to Data Input 


RD 




700 

+ 1000 

X N 


ns 


RD TE to Data Hold 
Time 


RDH 







ns 


RD Low Time 


RR 


1700 

+ 1000 

X N 




ns 


RDLE to WAIT LE 


tRWT 




700 


ns 


Address (PE0-PE15) 
to WAIT LE 


UwTI 




1200 


ns 


WAIT Set-up Time to 
ct>0UT LE 


twTS 


600 




ns 


WAIT Hold Time after 

4)outLE 


*WTH 







ns 


Ml to RD LE ® 


tMR 


200 




ns 


RDTEtoM,® 


tRM 


300 




ns 


cbourLEtoWRLE 


t*w 




250 


ns 


Address (PE0-PE15) 
tod^ourTE 


tA* 


150 




ns 



tcYA = lOOOns 
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DC Characteristics (Cont.) 
Read/Write Operation 



Parameter Symbol Min Typ Max Unit Test Conditions 



to Data Output ^/^^^ 


850 


ns 


Data Output to WR TE tow 


1200 
+ 1000 
X N 


ns 


WRTE to Data Stable , 
Time *WD 


300 


ns 


Address (PEq-PEis) . 
toWRLE *AW 


800 


ns 


WRTE to Address , 
Stable Time ^w* 


300 


ns 


WR Low Time tww 


1200 

+ 1000 

X N 


ns 



WRLEtoWAITLE 



Notes: ® Applies only to H.PD78C05 
N IS number of Twait 
LE IS leading edge, and TE is trailing edge 

Serial Operation 





Symbol 




Limits 




Unit 






Min 


Typ 


Max 


Test Conditions 


SCK Cycle Time 


tcYK - 


1800 






ns 


SCK input 


1818 




80000 


ns 


SCK Output 


SCK Low Time 


tKKL - 


700 






ns 


SCK input 


759 






ns 


SCK Output 


SCK High Time 


^KKH 


700 






ns 


SCK Input 


759 






ns 


SCK Output 


SI Set-up Time to 
SCKTE 


tsis 


200 






ns 




Si Hold Time after 
SCKTE 


tsiH 


500 






ns 




SCK LE to SO Delay 
Time 


tKO 






550 


ns 





Notes: Input timings are measured at V|h mm and V|l max 

Output timings are measured at Vqh = 2 4V and Vot = 45V with 1-TTL + 200pF 

= load 

LE IS leading edge, TE is trailing edge 



|jlPD78C06/78C05 



Capacitance 



Ta = 25°C;Vcc 


= GND = OV 










Limits 




Unit 




Parameter 


Symbol Min Typ 


Max 


Test Conditions 


Input Capacitance 


c, 


15 


PF 


fc = 1MHz 


Output Capacitance 


Co 


15 


PF 


Unmeasured pins 


I/O Capacitance 


C|/o 


15 


PF 


returned to OV 



AC Cliaracteristics 

Ta = -lOXto +70°C; Vcc = +5V ± 10% 



Clocic Timing 





Symbol " 




Limits 






Parameter 


Min 


Typ 


Max 


Unit Test Conditions 


Xi input Cycle Time 


tcYX 


227 




10000 


ns 


Xi input Low Time 


txXL 


106 






ns 


Xi Input Higii Time 


txXH 


106 






ns 


4'ouT Cycle Time 


tcY* 


908 




40000 


ns 


(touT Low Time 


td,*L 


300 






ns 


<t>ouT H'gf' Time 


*4*H 


300 






ns 


<t)ouT Rise/Fail Time 


tR,tF 






150 


ns 




Write Operation 



h- 




ri 


' 


-'2- 


M 


T„.„ ^ T,- 


1 




<''OUT / 


s / 




\ / 


\ / \ / 






w 








PEo-PE,, )^ 










< 


-* 


^A,!, 


— 








pwJ 






( 






























t 










^ 








< *AW » 








J 

















w 


I 


/ 




- 


^WTS 


TwTHk- 



Serial Operation 



— ^KKH »j 

i 



A r 
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Timing Waveforms (Cont.) 

Read Operation 



-Ti -I- T2 H-^TwA.T— h T3 ^h T,- 



_/ 




tR.„ *- 


/ 


V 


^~^ 


^-^ / 




) 




Address 




< 


















■tA6. 


\ 




rv 






V 


> 


J 














\ 








*nn - ' 












' 








,l_tRWT_H. 


twTS 


<-. 


WTH 








d. 


^ 






^ 


tRM 1*- 



Note: ©Applies only to |jlPD78C05 



Clock Timing 



*CYX- 

■*-*xxcH l**x) 



♦•txxcH KtxxH-H 






Pacicage Outlines 

For information, see Pacicage Outline Section 7. 

Plastic Miniflat, fxPD78C06G 
Plastic Quil, |xPD78C05G 
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SEC 



|jiPD7809/aPD7807/^PD78P09 

HIGH END SINGLE CHIP 8-BIT 

MICROCOMPUTER WITH 

COMPARAtOR, 8K ROM 



Description 

The |jlPD7809/7807/78P09 single chip microcomputer 
augments the high-end in NEC's family of 8-bit microcom- 
puters with sophisticated on-chip peripheral functionality. 
Like its nearest relative in the family, the |jlPD7811, this 
device has a fast internal 16-bit ALU and data paths, 256 
bytes of RAM, multifunction 16-bit timer/event counter, two 
8-bit timers, a USART, and two zero-cross detect inputs. 
Features that distinguish this device in the NEC 8-bit family 
are: 8K ROM, programmable threshold comparator (8 
inputs), programmable WAIT function, watchdog timer, hold 
and hold acknowledge for DMA interface, and bit test/write 
instructions for both RAM and I/O. 
The |xPD7809 is the mask-ROM version with the cus- 
tomer's program on chip. The |jlPD7807 is the ROM-less 
version for prototyping and small volume applications. The 
|jlPD78P09 is an EPROM version of the 8K ROM 
JJLPD7809. 

Features 

D NMOS silicon gate technology requiring + 5v supply 
D Complete single chip microcomputer 

— 16-bit ALU 

— 8K ROM 
256 bytes RAM 

D Large I/O capability 

— 40 I/O port lines (|jlPD7809) 

— 28 I/O port lines (m.PD7807) 

— 8 input lines 

D Two zero-cross detect inputs 

D Expansion capability (total of 64K memory access) 

— 8085A bus compatible 

— 56K bytes external memory address range 
D Programmable threshold comparator 

— 8 inputs, 1 of 16 software selectable levels 
D Full duplex USART 

— Synchronous and asynchronous 
D 165 powerful instructions 

— 16-bit arithmetic, multiply and divide 
D 1 |jls instruction cycle time 

□ Prioritized interrupt structure 

— 3 external 

— 8 internal 

D Hold, hold acknowledge for DMA interface 

D Programmable WAIT function 

D Watchdog timer 

D Standby function 

D On-chip clock generator 

D 64-pin QUIL package 



Pin Configuration 





Pin Identification 





Pin 




No. 


Symbol 


Function 


1-8 


PA0-PA7 


Port A: (Three-state input/output) 8-bit 

programmable as an input or output. Reset places all 
imes of Port A m input mode. 


9-16 


PB0-PB7 


Port B: (Three-state mput/output) 8-bit 
programmable I/O port. Each Ime mdependentiy 
programmable as an input or output Reset places all 
lines of Port B in input mode 



PortC: (Three-state 
input/output) 8-bit 
programmable I/O port 



PCi 



PC2 



~Each line independently 
programmable as an 
input or output. 

—Alternatively, Port C may - 
be used as control lines 
for USART and timer 
Reset puts Port C in Port 
mode and all lines in 
input mode. 



21 PC4 



22 PCs 



23-24 PCs, PC7 



Transmit Data (TxD): 
Serial data output 
terminal 

Receive Data 

(RxD): Serial data input 

terminal. 

Serial Clock 
(SCK): Serial clock 
mput/output terminal. 
When internal clock is 
used, the output can 
be selected; when an 
external clock is used, 
the input can be selected. 
Timer Input (Tl)/interrupt 
request input (INTj): 
Timer clock input 
terminal; can also be 
used as falling edge, 
maskable-interrupt input 
terminal and AC input 
zero-cross detection 
terminal. 

Timer Output (TO): This 
output signal is a square 
wave whose frequency is 
determined by the 
timer/counter. 

Counter Input (CI): 
External pulse input 
terminal to the timer/ 
event counter. 

Counter Outputs 0, 1 
(COo-CO-,). Program- 
mable rectangular wave 
output terminal based on 
timer/event counter 
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Pin Identification (Cont.) 





Pin 




No. 


Symbol 


Function 


25 


NMl 




26 


INTi 


This signal is a rising-edge, maskable interrupt input 
This input IS also used to make the zero-cross 
detection AC input. 


27 


M00E1 


Used as input in conjunction with MODEO to select 
appropriate memory expansion mode. Also outputs 
Ml Signal during each opcode fetch 


28 


RESET 


(Input, active low), RESET initialized the m,PD781 1 . 


29 


MODEO 


Used as input in conjunction with M0DE1 to select 
ouput lO/M. 


30-31 


X2,Xi 

(crystal) 


This IS a crystal connection terminal for system 
clock oscillation. When an external clock is supplied 
Xi is the input. 


32 


Vss 


Power supply ground potential. 


33 


Vth 


variable threshold input. Port T Threshold voltage to 
each Port T input is software programmable to 16 


34-41 


PT1-PT7 


inputs are each connected internally to comparators 


42 


HOLD 


HOLD request input. When high, CPU is in a HOLD 
state until HOLD goes low. 


43 


HLDA 




44 


RD 


(Three-state output, active low) RD is used as a 
strobe to gate data from external devices onto the 
data bus. RD goes high during Reset. 


45 


WR 


(Three-state output, active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signal for external memory or I/O write 
operations. WR goes high during Reset. 


46 


ALE 


The strobe signal is for latching the address signal 
expansion memory. 



Port F: (Three-state 
input/output) 8-bit 
programmable I/O port. 
Each line configurable 
independently as an 
input or output. 



Address Bus: When 
external expansion 
memory is used, 
multiplexed address/data 
bus can be selected. 



55-62 


DB0-DB7 


Port D: 8-bit 
programmable I/O port. 
This byte can be 
designated as either 
input or output. 


Address Bus: When 
external expansion 
memory is used, 
multiplexed address/data 
bus can be selected. 


63 


Vdd 


This is a backup power terminal for on-chip RAM. 


64 


Vcc 


+ 5V power supply. 





Instruction Set 

In addition to the basic 7800 family instruction set, the fol- 
lowing instructions are incorporated in the |xPD7809/7807/ 
78P09: 
n 16-bit data transfers between memory, registers, and 

extended accumulator 
D 16-bit addition and subtraction 
D 16-bit comparison and skip 
D 16-bit and, or, ex-or operation 
D 16-bit data shift and rotation 
D Multiply 

8-bit by 8-bit, 16-bit product 

Less than 8|jls execution 
D Divide 

16-bit by 8-bit, 16-bit quotient, 8-bit remainder 

Less than 14jxs execution 
n Working register instructions for efficient RAM address- 
ing, testing and manipulating 
D Direct bit addressing for code-efficient addressing, 

testing and manipulating bits in RAM, port lines and 

mode registers 



Notes: 1 clock cycle = 1 CL = 3/f 

1 machine cycle = 3 or 4 clock cycles 

1 instruction cycle = 1 to 1 9 machine cycles 

f System clock frequency (MHz) 
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Block Diagram 



fjLPD7809/7807/78P09 




,111 l.U.HI 

HOLD HLDA RD WR ^ ^ ^^ ^ ^d 

^ ^ ^ 



Note: The |jlPD7807 has no on chip ROM (8K bytes) 
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Please refer to the section on jxPD7811 for description of 
the following functions which are the same as on this 
device: 

1 . Memory expansion (except 56K bytes maximum for 
|xPD7809) 

2. Timer/event counter 

3. USART 

4. Interrupt structure 

5. Standby function 

6. Reset 

7. External memory access and timing 

8. Package information 

Variable Threshold Input Port (Port T) 

D 8 input lines 

D 16 levels — from Vie of reference voltage (Vj^) 

tO^e/ieV-TH 
D Level selected by software write to Mode T register 
D Input at Port bit reads until voltage at pin exceeds 

selected level 
n Comparison execution time: 12)xs. 

Block Diagram off Threshold 
Variable input Port 



PTjO- 







input/Output 

D 40 digital I/O lines — Five 8-bit ports (Port A, Port B, 
Porte, Port D, Port F) 

D Port operation for Ports A, B, C, and F: 

Each line of these ports can be individually programmed 
as an input or as an output. 

D Port D can be programmed as a byte input or a byte 
output. 

D Control lines: 

Under software control, each line of Port C can be con- 
figured individually to provide control lines for serial 
interface, timer and timer/counter. 

Block Diagram off Threshold 
Variable Port 

Format of MODE T Register 



Specification of 16 Threshold Levels 



7 


6 


5 


4 3 


2 


1 


1- 


- 


- 


- ImTs 


|mt2|mt,|mTo| 








L 


III 

















Vth X '«/i6 








° 


1 


VthXVi6 








1 





VthX^ib 








1 


1 


Vth X 3/16 





1 








Vth X 4/16 





1 





1 


VthXV,6 





1 


1 





VTHXVie 





1 


1 


1 


Vth X ^/i6 















Vth X 8/16 












1 


Vth X Vi6 




^ 





1 





Vth X '"/le 









1 


1 


Vth X ^Vi6 






1 








Vth X 1^16 






1 





1 


Vth X '3/16 






1 


1 





VthX^Vis 






1 


1 


1 


Vth X 'Vi6 
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Watchdog Timer 

D Used for software safety check or overall performance 
safety check. Watchdog, if enabled, must be cleared at 
regular Intervals in program execution to avoid watchdog 
interrupt. Intervals are software selectable. 

Block Diagram for Watchdog Timer 



|xPD7809/7807/78P09 



7T> 



Prescaler 
(5) 




Note: <1)384 = fxxAL x ^^84 



Upcounter 
(7) 



7X 



Interval 
Control 



o 




Bit Address instructions 

The following bits may be addressed directly with certain 

instructions: 

D Any bit in a 16-byte group in RAM 

D Any bit in the five 8-bit I/O ports (A. B, C, D, F) 

D Any bit in the variable threshold port 

D Any bit in the following special registers: 

9-bit interrupt mask register, serial mode register, timer 
mode register, timer/event counter output register 

An addressed bit may be tested, set, cleared, or 

complemented. 

An addressed bit may be moved to or from the carry flag. 

An addressed bit may be ANDed, ORed, X-ORed with the 

carry flag. 



Difference between the |jlPD7801 
^PD7807, and ^PD7809 


,M.PD7811, 




^PD7801 


M.PD7811 


fjLPD7B07 


HLPD7809 


Number of Instructions 


134 


158 


165 


165 


16-bit Operation Instruction 


No 


Yes 


Yes 


Yes 


Multiply/Divide Instruction 


No 


Yes 


Yes 


Yes 


instruction Cycle 


2^s/4MHz 


1(jLS/12MH2 


VS/12MHZ 


lHis/12MHz 


Number of General-purpose 
Registers 


16 


18 


18 


18 


On-chip ROM Capacity 




4K Bytes 


No 


8K Bytes 


On-chip RAM Capacity 


128 Bytes 


256 Bytes 


256 Bytes 


256 Bytes 


Direct-Addressable External 
Memory Capacity 


60K Bytes 


60K Bytes 


64K Bytes 


56K Bytes 


Interrupt Internal 


2 


8 


8 


8 


Source External 


3 


3 


3 


3 


I/O Lines 


48 


40 + 4 


28* 


40 


Threshold Variable Port 


No 


No 


8 Bits 


8 Bits 


Timer 


12 Bits 


8 Bits X 2 


8 Bits X 2 


8 Bits X 2 


Counter 


No 


16 Bits 


16 Bits 


16 Bits 


Watchdog Timer 


No 


No 


Yes 


Yes 




No 


Yes 


Yes 


Yes 


Serial Interface Synchronous 


No 


Yes 


Yes 


Yes 


I/O Interface 


Yes 


Yes 


Yes 


Yes 


A/D Converter 


No 


Yes 


No 


No 


Standby Function 


No 


Yes 


Yes 


Yes 


Hold Function 


Yes 


No 


Yes 


Yes 


Technology 


NMOS 


NMOS 


NMOS 


NMOS 


Package 


64-Pin Flat 


64-PinQUIP 


64-Pin QUIP 


64-Pin QUIP 



* at 4K-byte Access 

Paclcage Outlines 

For information, see Paclcage Outline Section 7. 

Plastic Quil, ^PD7807G/09G 

Plastic Shrinkdip, ^PD7809CW/07CW 



7809/7807/78P09DS-7-83-CAT-L 
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Notes 
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|jiPD7810/fJiPD7811 

HIGH-END SINGLE-CHIP 

8-BIT MICROCOMPUTER 

WITH A/D CONVERTER 



Description 

The NEC |jlPD7810/plPD7811 is a high-performance 
single-chip microcomputer integrating sophisticated on- 
chip peripheral functionality normally provided by external 
components. The device's internal 16-bit ALU and data 
paths, combined with a powerful instruction set and 
addressing, make the |uiPD781 0/7811 appropriate in data 
processing as well as control applications. The device 
integrates a 16-bit ALU, 4K-R0M, 256-byte RAM with an 
8-channel A/D converter, a multifunction 16-bit timer/event 
counter, two 8-bit timers, a USART and two zero-cross 
detect inputs on a single die, to direct the device into fast, 
high-end processing applications involving analog signal 
interface and processing. 

The jjlPD7811 is the mask-ROM high volume production 
device embedded with custom customer program. The 
|jlPD7810 is a ROM-less version for prototyping and small 
volume production. The fxPD78PG11E is a piggy-back 
EPROM version for design development. 
Features 

D NMOS silicon gate technology requiring + 5V supply 
D Complete single-chip microcomputer 

- 16-bit ALU 

- 4K-R0M 

- 256-byte RAM 
D 44 I/O lines 

D Two zero-cross detect inputs 

D Two 8-bit timers 

D Multifunction 16-bit timer/event counter 

n Expansion capabilities 

- 8085A bus compatible 

- 60K-byte external memory address range 
D 8-channel, 8-bit A/D converter 

- Auto scan 

- Channel select 
D Full duplex USART 

- Synchronous and asynchronous 
n 153 instruction set 

- 16-bit arithmetic, multiply and divide 

D 1|JLS instruction cycle time (12MHz operation) 
D Prioritized interrupt structure 

- 2 external 

- 4 internal 

D Standby function 

D On-chip clock generator 

D 64-quil package 



Pin Configuration 



"vy- 



M.PD7810G 
^JLPD7811G 



' DB4 
DB3 



PF7 
'PFe 



PFi 
'PFo 

ALE 
3 WR 

RD 
> AVcc 



1 AN^ 

ANo 

> AVss 




Pin Identification 





Pin 




No. 


Symbol 


Function 


1-8 


PA0-PA7 


programmable I/O port. Each line mdependently 
lines of Port A in input mode 


9-16 


PB0-PB7 


Port B: (Three-state input/output) 8-bit 
Imes of Port B in input mode. 



PCo 



PC, 



PortC: (Three-state 

input/output) 8-bit 

programmable I/O port. 
~Each line independently 

programmable as an 

input or output. 
-Alternatively, Port C may 

be used as control lines 

for USART and timer. 

Reset puts Port C in Port 

mode and all lines in 

input mode. 



PC3 



PC4 



PCfi, PC7 



Transmit Data (TxD): 

Serial data output 

terminal. 

Receive Data 

(RxD): Serial data input 

terminal. 

Seria l Clock 
(SCK): Serial clock 
input/output terminal. 
When internal clock is 
used, the output can 
be selected; when an 
external clock is used, 
the input can be selected. 
Timer Input (Tl)/interrupt 
request input (INTj): 
Timer clock input 
terminal; can also be 
used as falling edge, 
maskable-interrupt input 
terminal and AC input 
zero-cross detection 
terminal. 

Timer Output (TO): This 
output signal is a square 
wave whose frequency is 
determined by the 
timer/counter. 

Counter Input (CI): 
External pulse input 
terminal to the timer/ 
event counter. 

Counter Outputs 0, 1 
(COq-COi): Program- 
mable rectangular wave 
output terminal based on 
timer/event counter. 
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Pin Identification (Cont.) 





Pin 




No. 


Symbol 


Function 


25 


NMI 


Falling-edge, nonmaskable interrupt (NMT) Input. 


26 


INTi 


This signal is a rising-edge, maskable interrupt input 
This input is also used to make the zero-cross 
detection AC input. 


27 


MODE1 


Used as Input in conjunction with IMODEO to select 
appropriate memory expansion mode. Also outputs 
Ml Signal during each opcode fetch. 


28 


RESET 


(Input, active low), RESET initializes the ^PD7811. 


29 


MODEO 


Used as input in conjunction with M0DE1 to select 
appropriate memory expansion mode. Also used to 
ouput lO/iM. 


30-31 


(crystal) 


This IS a crystal connection terminal for system 
clock oscillation. When an external clock is supplied 
Xi is the input. 


32 


Vss 


Power supply ground potential. 


33 


AVss 


conversion range lower limit. 


34-41 


AN0-AN7 


Eight analog inputs to the A/D converter. AN7-AN4 
can also be used as a digital input port for falling 
edge detection. 


42 


Varef 


range upper limit. 


43 


AVcc 


Power supply voltage for A/D converter. 





Pin 




No. 


Symbol 




44 


RD 


strobe to gate data from external devices onto the 
data bus. RD goes high during Reset. 


45 


WR 


(Three-state output, active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signal for external memory or I/O write 
operations. WR goes high during Reset. 


46 


ALE 


The strobe signal is for latching the address signal 
to the output from PD7-PD0 when accessing external 
expansion memory. 



PF0-PF7 



DB0-DB7 



64 



Port F: (Three-state 
input/output) 8-bit 
programmable I/O port. 
Each line configurable 
independently as an 
input or output 



Address Bus: When 
external expansion 
memory is used, 
multiplexed address/data 
bus can be selected. 



Port D: 8-bit 
programmable i/0 port. 
This byte can be 
designated as either 
input or output. 



Address Bus: When 
external expansion 
memory is used, 
multiplexed address/data 
bus can be selected. 



This IS a backup power terminal for on-chip RAiM. 



+ 5V power supply. 



Notes: 1 clock cycle = 1 CL = 3/f 

1 machine cycle = 3 or 4 clock cycles 

1 instruction cycle = 1 to 1 9 machine cycles 

f System clock frequency (MHz) 



Block Diagram 



varef ' 

AVcc ' 
AVss 



tu 




mi 
ma 



O" 



iO: 



i^vi^O' 



Oi 



<V>PB,- 



o 



iO"" 



ii ii it^i 



6 6 



RD WR Ml ALE MODE RESET VqD VcC VsS 
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Functional Index 

Memory map 

The (xPD7811 can directly address up to 64K-bytes 
of memory. Except for the on-chip ROM(0-4095) and 
RAM(65280-65535), any memory location can be used 
as ROM or RAM. The following memory map defines 
the 0-64K-byte memory space for the |jlPD7811. 

Memory Map 



|xPD7810/7811 





- 


Internal ROM > 
4,096 Bytes x 8 







Reset/Standby Release 




4 
8 

\ 10H 

^ \ 18H 

\ 20H 

\ 28H 




J 


IRQO 


' 






IRQ1 


OFFFH 




1000H 


- 


External 

Memory ^ 
61,184 Bytes x 8 ^ 




IRQ 2 


. 




1 


IRQ 3 








IRQ 4 


FEFFH 




FFOOH 


Internal RAM 
256 Bytes X 8 




IRQ 5 


FFFFH 


^ 






\ ^ 




\ 60H 


Soft INT 




: ; 




\ Call Table - 


80H 
81 H 
82H 
83H 

BEH 

BFH 

_COH 


Low ADRS 




High ADRS 




Low ADRS 




High ADRS 




: ' 




Low ADRS 




High ADRS 




User's Area 
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Input/Output 

8 Analog Input Lines 

44 Digital I/O Lines: five 8-bit ports (Port A, Port B, Port C, 

Port D, Port F) and 4 input lines (AN4-AN7) 

1 . Analog Input Lines 

AN0-AN7 are configured as analog input lines for on- 
chip A/D converter. 

2. Port Operation 

- Port A, Port B, Port C, Port F 

Each line of these ports can be individually 
programmed as an input or as an output. When 
used as I/O ports, all have latched outputs, high- 
impedance inputs. 

- Port D 

Port D can be programmed as a byte input or a 
byte output. 
-AN4-AN7 
The high-order analog input lines, AN4-AN7 can be 
used as digital input lines for falling edge detection. 

3. Control Lines 

Under software control, each line of Port C can be 
configured individually to provide control lines for 
serial interface, timer and timer/counter. 

4. Memory Expansion 

In addition to the single-chip operation mode 
fxPD781 1 has 4 memory expansion modes. Under 
software control. Port D can provide multiplexed 
low-order address and data bus and Port F can pro- 
vide high-order address bus. The relation between 
memory expansion modes and the pin configurations 
of Port D and Port F is shown in the table that follows. 



Memory Expansion 






Port Configuration 


None 


PortD 
PortF 




I/O Port 
I/O Port 


256 Bytes 


PortD 
PortF 




Multiplexed Address/Data Bus 
I/O Port 


4K Bytes 


PortD 
Port Fo- 
Port F4- 


-F3 

-F7 


Multiplexed Address/Data Bus 
Address Bus 
I/O Port 


16K Bytes 


PortD 
Port Fo- 
Port Fg- 


-Fs 
-F7 


Multiplexed Address/Data Bus 
Address Bus 
I/O Port 


60K Bytes 


PortD 
PortF 




Multiplexed Address/Data Bus 
Address Bus 



Timers 

The timer/event counter consists of two 8-bit timers. The 
timers may be programmed independently or may be cas- 
caded and used as a 16-bit timer. The timer can be set in 
software to increment at intervals of 4 machine cycles 
(1|jls at 12MHz operation) or 128 machine cycles (32|xs 
at 12MHz), or to increment on receipt of a pulse at T-,. 

Timer/Event Counter 

The 16-bit multifunctional timer/event counter can be used 
for the following operations: 

Interval timer 

External event timer 

Frequency measurement 

Pulse width measurement 

Programmable square-wave output 



Timer Biocic Diagram 



C3/T10 — [> 




8-bit 
Upcounter 



Comparator 



ZI 



Timer 
Register 



8-bit 
Upcounter 



Comparator 



IT 



Timer 
Register 1 



)PC4/To 



Timer/Event 
Counter 



^ Serial 
Interface 



INTT1 



Notes: 1 CL = 3/f (250ns 12MHz operation) 
f System clock frequency (MHz) 



4-54 



fxPD7810/7811 



Block Diagram for Timer/Event Counter 



\ Internal Bus \ 



Timer/Event Counter 
Capture Register 



PC5/CI o- 




PCg/COo 



PC7/CO1 



Timer/Event 
Counter Upcounter 



Timer/Event 
Counter Register 1 




Notes: CL = 3/f (250ns 12 MHz operation) 
f System clock frequency (MHz) 



Reset 
Control 



Comparator 



Timer/Event 
Counter Register 



-CP, 
►CPo 



Interrupt 
Control 




8- Bit A/D Converter 

8 Input Channels 

4 Conversion Result Registers 

2 Powerful Operation Modes 

Auto Scan Mode 

Channel Select Mode 
Successive Approximation Technique 
Absolute Accuracy ±1.5 LSB ( ± 0.6%) 

Conversion Range ~ 5V 

Conversion Time 50 yis 

Interrupt Generation 

Analog/Digital Converter 

The |xPD7810/7811 features an 8-bit, high-speed, high 
accuracy A/D converter. The A/D converter comprises a 
256-Resistor Ladder and Successive Approximation Regis- 
ter (SAR). There are four conversion result registers 
(CR0-CR3). The 8-channel analog input may be operated 
in either of two modes. In the select mode, the conversion 
value of one analog input is sequentially stored in CR0-CR3. 
In the scan mode, the upper four channels or the lower four 
channels may be specified. Then those four channels will 
be consecutively selected and the conversion results 
stored sequentially in the four conversion result registers. 



A/D Converter Biocic Diagram 

AVCCO 
AVsS o 

varef o- 
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Interrupt Structure 

There are 11 interrupt sources. Three are external interrupts 
and 8 are internal. These 11 interrupt sources are divided 
into 6 priority levels as shown in the table below. 



Interrupt 
Request 


Interrupt 


Type of Interrupt 


In/Ext 


IRQO 


4 


NMi (Non-maskable interrupt) 


External 


IRQ1 


8 


INTTO (Coincidence signal from timer 0) 
INTT1 (Coincidence signal from timer 1) 


Internal 


IRQ2 


16 


INT1 (Maskable interrupt) 
INT2 (Maskable interrupt) 


External 


IRQ3 


24 


INTEO (Coincidence signal from timer/ 
event counter) 

INTE1 (Coincidence signal from timer/ 
event counter) 


Internal 


iRQ4 


32 


INTEIN (Falling signal of C1 and TO 
counter) 

INTAO (A/D converter interrupt) 


In/External 


IRQ5 


40 


INTSR (Serial receive interrupt) 
INST (Serial send interrupt) 


Internal 



NMI i 
INTTO 
I NTT1 
INT1 ' 
[NT2 ' 
INTEO 
INTE1 
INTEIN 
INTAD 
INTSR 
INTST 

OV 

ER 

SB 

AN7-AN4 



TEST 
CONTROL 



FNM1 
S0FT1 



MASK 
REGISTER 



PRIORITY 
CONTROL 






f 


ENABLE P- 


El — 
Dl — 


S Q 
R 


-J 


IRQ0-iRQ5 
















S0FT1-*- 








INTERRUPT 
GENERATED 



Standby Function 

The fjLPD781 0/7811 offers a standby function that 
allows the user to save up to 32 bytes of RAM with back- 
up power (Vdd) if the main power (Vcc) falls. On powerup 
the )xPD7811 checks whether recovery was made from 
standby mode or from cold start. 

Universal Serial interface 

The serial Interface can operate in any of three 
modes: synchronous, asynchronous, and I/O interface. 
The I/O interface mode transfers data MSB first for ease 
of communication with certain peripheral devices. Syn- 
chronous and asynchronous modes transfer data LSB first. 
Synchronous operation offers two modes of data reception. 
In the search mode, data Is transferred one bit at a time 
from serial register to receive buffer. This allows a software 
search for a sync character. In the nonsearch mode, data 
transfer from serial register to transmit buffer occurs 8 bits 
at a time. 



Universal Serial interface Blocic Diagram 

INTERNAL BUS 



H 



RECEIVE 
BUFFER 



TRANSMIT 
BUFFER 



SERIAL REGISTER 

(S-P) 



HE 



SERIAL REGISTER 



TRANSFER 
CONTROL 



-•►SR 
INTERRUPT 



HI 



TRANSFER 
CONTROL 



-^ST 
INTERRUPT 



PC2/SCK O- 



f 



■ INTERNAL CLOCK 



^o-<\- 



Zero-crossing Detector 

The INT^ and INTg terminals (used common to Tl and PC3) 
can be used to detect the zero-crossing point of slow mov- 
ing AC signals. When driven directly, these pins respond as 
a normal digital input. 

To utilize the zero-cross detection mode, an AC signal of 
approximately 1-3V AC peak-to-peak magnitude and a 
maximum frequency of 1kHz is coupled through an external 
capacitor to these pins. 

For the INT^ pin, the internal digital state is sensed as a 
zero until the rising edge crosses the DC average level, 
when it becomes a one and INT^ Interrupt is generated. 
For the INT2 pin, the state Is sensed as a one until the fall- 
ing edge crosses the DC average level, when it becomes 
a zero and INT2 interrupt is generated. 
The zero-cross detection capability allows the user to make 
the 50-60HZ power signal the basis for system timing and 
to control voltage phase sensitive devices. 

Zero-crossing Detection Circuit 
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Operand Format/Description 


Format 


Description 


r 

r1 
r2 


V, A, B, C, D, E, H, L 
EAH, EAL, B, C, D, E, H, L 
A,B,C 


sr 

srI 

sr2 

sr3 

sr4 


PA, PB, PC, PD,PF, MKH MKL, ANM, SMH, SML, EOM, ETMM, TMM, MM,MCC, MA, MB, MC MF, TXB, TMO, TM1 
PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, RXB, CRO, CR1, CR2, CR3 
PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM 
ETMO, ETM1 
ECNT, ECPT 


•"Pi 

rp3 


SP, B, D, H 
V, B, D, H, EA 
SP, B, D, H, EA 
B,D,H 


rpa 
rpal 
rpa2 
rpaS 


B,D,H,D + ,H + ,D-,H- 

B,D,H 

B,D,H,D + ,H + ,D-,H-,D + byte,H + A,H + B,H + EA,H + byte 

D,H,D + ,H++,D + byte,H + A,H + B,H + EA,H + byte 


wa 


8-bit immediate data 


word 

T 


16-bit immediate data 
8-bit immediate data 
3-bit immediate data 


f 


CY, HC, Z 


irf 


FNMI, FTO, FT1, F1, F2, FEO, FE1, FEIN, FAD, FSR, FST, ER, OV, AN4, AN5, AN6, AN7, SB 



Remarks 



1 . sr-sr4 (special register) 



3. rpa-rpa3 (rp addressing) 



PA 


= Port A 


ECNT 


= Timer/Event 


PB 


= PortB 




Counter Upcounter 


PC 


= Porte 


ECPT 


= Timer/Event 


PD 


= Port D 




Counter Capture 


PF 


= Port F 


ETMM 


= Timer/Event 


MA 


= Mode A 




Counter Mode 


MB 


= ModeB 


EOM 


= Timer/Event 


MC 


= ModeC 




Counter Output Mode 


MCC 


= Mode Control C 


ANM 


= A/D Channel Mode 


MF 


:=ModeF 


CRO 


= A/D Conversion 


MM 


= Memory Mapping 
= Timer Register 


to 


Result 0-3 


TMO 


CR3 




TM1 


= Timer Register 1 


TXB 


= Tx Buffer 


TMM 


= Timer Mode 


RXB 


= Rx Buffer 


ETMO 


= Timer/Event 


SMH 


= Serial Mode High 




Counter Register 


SML 


= Serial Mode Low 


ETM1 


= Timer/Event 


MKH 


= Mask High 




Counter Register 1 


MKL 


= Mask Low 



B 

D 

H 

D + 

H + 

D- 

H- 



= (HL) + 
= (DE)- 
= (HL)- 



D++ =(DE)+ + 

H++ =(HL)+ + 
D + byte = (DE + byte) 
H + A = (HL + A) 
H + B = (HL + B) 
H + EA = (HL + EA) 
H + byte = (HL + byte) 




4. f (flag) 


CY = Carry 


HC = Half Carry 


Z = Zero 


5. irf (interrupt flag) 



2. rp-rp3 (register pair) 



SP = Stack Pointer 
B = BC 
D = DE 



H = HL 
V = VA 
EA = Extended Accumulator 



FNMI 


= INTFNMI 


FSR 


= INTFSR 


FTO 


= INTFTO 


FST 


= INTFST 


FT1 


= INTFT1 


ER 


= Error 


F1 


= INTF1 


OV 


= Overflow 


F2 


= INTF2 


AN4 


== Analog Input 4-7 


FEO 


= INTFEO 


to 




FE1 


= INTFE1 


ANT 




FEIN 


= INTFEIN 


SB 


= Standby 


FAD 


= INTFAD 
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Instruction Groups 



8-bit Data Transfer 



B1 



Skip 
Condition 



OOOIITzT^Tq 



OOOOITzTJo 



01001101 



IIOS4S3S2S1S0 



1 1 S5S4S3S2S1S0 



OIIOIR2R1R0 



Low Adrs High Adrs 





(word), r 


01110000 


01111R2R1R0 


Low Adrs 


High Adrs 17 


(word) «- r 


MVI 


r.byte 


OIIOIR2R1R0 


Data 




7 


r ^ byte 

String si(ip, other r = A or L 




sr2, byte 


01100100 


S3OOOOS2S1S0 


Data 


14 


sr2*-byte 


MVIW 


wa, byte 


01110001 


Offset 


Data 


13 


(V, wa) ^ byte 


MVIX 


rpa1,byte 


OlOOIOA^Ao 


Data 




10 


(rpal)^byte 


STAW 


wa 


01100011 


Offset 




10 


(V,wa)^A 


LDAW 


wa 


00000001 


Offset 




10 


A<-(V,wa) 


STAX 


rpa2 


A3O 1 1 1 A2A1A0 


Data*® 




7/13 


(rpa2)^A 


LDAX 


rpa2 


A30 1 1 AjAiAo 


Data*® 




7/13 


A-(rpa2) 


EXX 




01001000 


10101111 




8 


B^B',C«^C',D^D' 
E^E',H«^H',L«^L' 


EXA 




01001000 


10101100 




8 


V,A^V',A',EA^EA' 


EXH 




01001000 


10101110 




8 


H,L^H',L' 


16-bit Data Transfer 


BLOCK 


D + 


00010000 






13 
(C + 1) 


(DE) + ^(HL) + ,C^C-1 
End if borrow 


D- 


00010001 






13 
(C + 1) 


(DE)-^(HL)-,C<-C-1 



rp3, EA 



IOIIOIP1P0 



rp3L *- EAL, rp3H ^ EAH 



EA, rp3 



IOIOOIP1P0 



EAL ^ rp3L, EAH ^ rp3H 





EA, sr4 


1 


110000V1V0 






14 


EA^sr4 






SBCD 


(word) 


01110000 


00011110 


Low Adrs 


High Adrs 


20 


(word) ^C, (word + 1)^B 






SDED 


(word) 




00101110 






20 


(word) ^ E, (word + 1) *- D 






SHLD 


(word) 




00111110 






20 


(word)^L,(word + l)^H 






SSPD 


(word) 






00001110 


' 






20 


(word) ^ SPl, (word + 1) ^ SPh 




STEAX 


rpa3 


01001000 


1001C3C2C1C0 


Data *® 




' 


14/20 


(rpa3) ^ EAL, (rpa3 + 1) <- EAH 




LBCD 


word 


01110000 


00011111 


Low Adrs 


High 


Adrs 


20 


C ^ (word), B*- (word + 1) 






LDED 


word 




00101 1 1 1 






20 


E ^ (word), D«- (word + 1) 






LHLD 


word 




00111111 






20 


L ^ (word), H^ (word + 1) 






LSPD 


word 






00001111 


' 






20 


SPl ^ (word), SPh ^ (word + 


1) 




LDEAX 


rpa3 


01001000 


1000C3C2C1C0 


Data*® 






14/20 


EAL ^(rpa3), EAH ^(rpa3 + 


1) 




PUSH 


rpl 


10110Q2Q1Q0 








13 


(SP-1)^rplH-(SP-2)^ 
SP«-SP-2 


-rpl 


L 


POP 


rpl 


10100Q2Q1Q0 








10 


rplL-(SP),rplH-(SP + 1) 
SP^SP + 2 






LXI 


rp2, word 


OP2P1P00100 




Low Byte 


High Byte 


10 


rp2 <- (word) 

String sitip when rp2 = H 






8-bit Arithmetic (Register) 


TABLE 




01001000 


10101000 






17 


C*-(PC + 3 + A) 
B^(PC + 3 + A + 1) 






ADD 


A,r 


01100000 


11000R2R1R0 






8 


A^A + r 






r,A 






01000R2R1R0 






8 


r^r + A 






ADC 


A,r 






11010R2R1R0 






8 


A^A + r + CY 






r,A 






01010R2R1R0 






8 


r^r + A + CY 






ADDNC 


A,r 






10100R2R1R0 






8 


A^A + r 




No Carry 


r,A 






00100R2R1R0 






8 


r<-r + A 




No Carry 


SUB 


A,r 






11100R2R1R0 






8 


A*-A- r 






r,A 






01100R2R1R0 






8 


r^r- A 






SBB 


A,r 






11110R2R1R0 






8 


A^A- r-CY 






r,A 






O111OR2R1R0 






8 


r ^ r - A - CY 






SUBNB 


A, r 






10110R2R1R0 






8 


A^A- r 




No Borrow 


r,A 






00110R2R1R0 






8 


r*-r - A 




No Borrow 


ANA 


A,r 






10001R2R1R0 






8 


A*-AAr 






r,A 






00 001 R2R1R0 






8 


r^rAA 






ORA 


A,r 






10011R2R1R0 






8 


A^AVr 






r,A 






00011R2R1R0 






8 


r*-rVA 






XRA 


A,r 






10010R2R1R0 






8 


A^AVr 






r,A 






00010R2R1R0 






8 


r^rVA 






GTA 


A,r 






10101R2R1R0 






8 


A- r- 1 




No Borrow 


r,A 






O0101R2R1R0 






8 


r - A - 1 
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Instruction Groups (Cont.) 



8-bit Arithmetic (Register) (Cont.) 





Operand 




OP Code 






Operation 


Skip 




B1 


B2 


B3 84 


State 


Condition 


LTA 


A,r 


01 1 00000 


10111 R2R1R0 




8 


A- r 


Borrow 


r,A 






00111R2R1R0 




8 


r- A 


Borrow 


NEA 


A, r 






11101R2R1R0 




8 


A- r 


No Zero 


r,A 






01101R2R1R0 




8 


r- A 


No Zero 


EQA 


A, r 






11111 RjRiRo 




8 


A- r 


Zero 


r,A 






01111R2R1R0 




8 


r- A 


Zero 


ONA 


A,r 






11001R2R1R0 




8 


AAR 


No Zero 


OFFA 


A,r 


1 




11011 R2R1R0 




8 


AAR 


Zero 


8-bit Aritlimetic (Memory) 


ADDX 


rpa 


01 1 10000 


11000A2A1A0 






A ^ A + (rpa) 




ADCX 


rpa 






11010A2A1AO 






A^A + (rpa) + CY 




ADDNCX 


rpa 






10100A2A1A0 






A^A + (rpa) 


No Carry 


SUBX 


rpa 






11100A2A1A0 






A^A-(rpa) 




SBBX 


rpa 






11110A2A1A0 






A*-A-(rpa)- CY 




SUBNBX 


rpa 






10110A2A1A0 






A-A-(rpa) 


No Borrow 


ANAX 


rpa 






10 001 A2A1A0 






A^A-(rpa) 




ORAX 


rpa 






10011A2A1A0 






A-AV(rpa) 




XRAX 


rpa 






1OO10A2A1A0 






A-AV(rpa) 




GTAX 


rpa 






10101 A2A1A0 






A - (rpa) - 1 


No Borrow 


LTAX 


rpa 




' 


10111A2A1A0 






A - (rpa) 




immediate Data 


NEAX 


rpa 




11101 A2A1A0 




11 


A - (rpa) 


No Zero 


EQAX 


rpa 




11111 A2A1A0 




11 


A - (rpa) 


Zero 


ONAX 


rpa 




110 01 A2A1A0 




11 


A -(rpa) 


No Zero 


OFFAX 


rpa 




11011 A2A1A0 




11 


A -(rpa) 


Zero 


* 


A, byte 


01000110 


^Data^ 




7 


A - A + byte 




ADI 


r, byte 


01110100 


01000R2R1R0 


Data 


11 


r — r + byte 






sr2, byte 


01 10 


S31000S2S1S0 


i 


20 


sr2 — sr2 + byte 






A, byte 


01010110 


<-Data-^ 




7 


A — A + byte + CY 




ACI 


r, byte 


011101 00 


01 OIOR2R1R0 


Data 


11 


r — r + byte + CY 






sr2, byte 


0110 


S31O1OS2S1S0 


i 


20 


sr2-sr2 + byte + CY 






A, byte 


00100110 


*-Data^ 




7 


A — A + byte 


No Carry 


ADINC 


r, byte 


01110100 


OOIOOR2R1R0 


Data 


11 


r — r + byte 


No Carry 




sr2, byte 


0110 


S3OIOOS2S1S0 


i 


20 


sr2 — sr2 + byte 


No Carry 




A, byte 


01 1001 10 


<- Data -^ 




7 


A- A- byte 




SUI 


r.byte 


01110100 


OIIOOR2R1R0 


Data 


11 


r — r - byte 






sr2, byte 


0110 


S3IIOOS2S1S0 


i 


20 


sr2 — sr2 - byte 




* 


A, byte 


01110110 


^Data^ 




7 


A - A - byte - CY 




SBI 


r, byte 


01110100 


OIIIOR2R1R0 


Data 


11 


r - r - byte - CY 






sr2, byte 


0110 


S3IIIOS2S1S0 


i 


20 


sr2 — sr2 - byte - CY 




* 


A, byte 


00110110 


Data 




7 


A - A - byte 


No Borrow 


SUINB 


r, byte 


01 110100 


OOIIOR2R1R0 




11 


r - r - byte 


No Borrow 




sr2, byte 


0110 i 


S3OIIOS2S1S0 




20 


sr2 — sr2 — byte 


No Borrow 




A byte 


00000111 


Data 




7 


A — A \ byte 




ANI 


r, byte 


01110100 


00001 R2R1R0 


Data 


11 


r — r \byte 






sr2, byte 


01100100 


S3OOOIS2S1S0 


i 


20 


sr2 — sr2 \ byte 






A, byte 


000101 1 1 


Data 




7 


A-AVbyte 




ORI 


r, byte 


01110100 


OOOIIR2R1R0 


Data 


11 


r - r V byte 






sr2, byte 


0110 i 


S3OOIIS2S1S0 


i 


20 


sr2 - sr2 V byte 






A, byte 


00010110 


Data 




7 


A*-AVbyte 




XRI 


r, byte 


011101 00 


OOOIOR2R1R0 


Data 


11 


r — r V byte 






sr2, byte 


0110 i 


S3OOIOS2S1S0 


i 


20 


sr2-sr2Vbyte 






A, byte 


00100111 


Data 




7 


A - byte - 1 


No Borrow 


GTI 


r, byte 


011101 00 


OOIOIR2R1R0 


Data 


11 


r - byte - 1 


No Borrow 




sr5, byte 


0110 i 


S3OIOIS2S1S0 


i 


14 


sr5 - byte - 1 


No Borrow 




A, byte 


00110111 


Data 




7 


A - byte 


Borrow 


LTI 


r, byte 


01 110100 


OOIIIR2R1R0 


Data 


11 


r - byte 


Borrow 




sr5, byte 


0110 i 


830111828180 


i 


14 


sr5 - byte 


Borrow 


* 


A, byte 


01 1 001 1 1 


^Data-^ 




7 


A - byte 


No Zero 


NEI 


r, byte 


01110100 


OIIOIR2R1R0 


Data 


11 


r - byte 


No Zero 




sr5, byte 


0110 i 


83I 1 1 828180 


I 


14 


sr5 - byte 


No Zero 




A, byte 


01110111 


^Data^ 




7 


A - byte 


Zero 


EQI 


r, byte 


011101 00 


OIIIIR2R1R0 


Data 


11 


r - byte 


Zero 




sr5, byte 


0110 i 


83I 1 1 1 828180 


i 


14 


sr5 - byte 


Zero 
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Instruction Groups (Cont.) 



Immediate Data (Cont.) 





Operand 




OP Code 






Operation 




Si(ip 
Condition 


Mnemonic 


81 


82 




83 84 State 




A, byte 


01 0001 1 1 


»- Data -- 






7 


A \ byte 




No Zero 


ONI 


r, byte 


01 110100 


01001R2R1R0 




Data 


11 


r \ byte 




No Zero 




sr5, byte 


0110 i 


S31001S2S1S0 




i 


14 


sr5 \ byte 




No Zero 




A, byte 


01010111 


^Data-^ 






7 


A \ byte 




Zero 


OFFI 


r, byte 


01110100 


OIOIIR2R1R0 




Data 


11 


r \ byte 




Zero 




sr5, byte 


0110 i 


S3IOI IS2S1S0 




i 


14 


sr5 \ byte 




Zero 


Working Register 


ADDW 


wa 


01110100 


1 1000000 




Offset 




A ^ A + (V, wa) 






ADCW 


wa 




1 101 








A ^ A + (V, wa) + 


CY 




ADDNCW 


wa 




1010 








A ^ A + (V, wa) 




No Carry 


SUBW 


wa 




1110 








A ^ A - (V, wa) 






SBBW 


wa 




1111 








A ^ A - (V, wa) - 


CY 




SUBNBW 


wa 




1011 








A ^ A - (V, wa) 




No Borrow 


ANAW 


wa 




1 0001000 






A- A \(V,wa) 






ORAW 


wa 






1001 ^ 




♦ 




A -- A V (V, wa) 






XRAW 


wa 


01 110100 


10010000 




Offset 




A-AV(V,wa) 






GTAW 


wa 






10101000 








A - (V, wa) - 1 




No Borrow 


LTAW 


wa 






1011 








A - (V, wa) 




Borrow 


NEAW 


wa 






1110 








A - (V, wa) 




No Zero 


EQAW 


wa 






1111 








A - (V, wa) 




Zero 


ONAW 


wa 






1 100 








A \ (V, wa) 




No Zero 


OFFAW 


wa 






1101 








A \ (V, wa) 




Zero 


ANIW 


wa, byte 


000001 01 


^ Offset-^ 




Data 




(V,wa)-(V,wa)[byte] 




ORIW 


wa, byte 


0001 










{V,wa)<-(V,wa)Vbyte 




GTIW 


wa, byte 


0010 










(V, wa) - byte - 1 






LTIW 


wa, byte 


001 1 








13 


(V, wa) - byte 




Borrow 


NEIW 


wa, byte 


01 10 








13 


(V, wa) - byte 




No Zero 


EQIW 


wa, byte 


01 11 








13 


(V, wa) - byte 




Zero 


ONIW 


wa, byte 


01 00 








13 


(V, wa) V byte 




No Zero 


OFFiW 


wa, byte 


0101 




1 




13 


(V, wa) \ byte 




Zero 


16-bit Arithmetic 


EADD 


EA,r2 


01110000 


010000R1RO 








EA ^ EA + r2 






DADD 


EA, rp3 


0100 


110001P1P0 








EA ^ EA + rp3 






DADC 


EA, rp3 




1101 










EA «- EA + rp3 + 


CY 




DADDNC 


EA, rp3 




1010 










EA ^ EA + rp3 




No Carry 


ESUB 


EA,r2 


0000 


011000R1R0 








EA *- EA - r2 






DSUB 


EA, rp3 


01110100 


111001P1P0 








EA ^ EA - rp3 






DSBB 


EA, rp3 




1111 










EA ^ EA - rp3 - 


CY 




DSUBNB 


EA, rp3 




1011 










EA ^ EA - rp3 




No Borrow 


DAN 


EA, rp3 






100011P1P0 








EA ^ EA - rp3 






DOR 


EA, rp3 






1001 ♦ 








EA ^ EA V rp3 






DXR 


EA, rp3 






100101P1P0 








EA«-EAVrp3 






DGT 


EA, rp3 






101011P1P0 








EA - rp3 - 1 




No Borrow 


DLT 


EA, rp3 




1011 










EA - rp3 




Borrow 


ONE 


EA, rp3 




1110 










EA - rp3 




No Zero 


DEQ 


EA, rp3 




1111 










EA - rp3 




Zero 


DON 


EA, rp3 




1100 










EA A rp3 




No Zero 


DOFF 


EA, rp3 




1101 


' 








EA A rp3 




Zero 


Multiply/Divide 


MUL 


r2 


01001000 


001011R1R0 






32 


EA *- A X r2 






DIV 


r2 


i 


0011 i 






59 


EA ^ EA - r2, r2 


- Surplus 




Increment/Decrement 


INR 


r2 


010000R1R0 








4 


r2 - r2 + 1 




Carry 


INRW 


wa 


00100000 


^ Offsets 






16 


(V,wa)^(V,wa) + 


1 


Carry 


INX 


rp 


OOPiPqOOIO 








7 


rp •^- rp + 1 






EA 


10101000 








7 


EA ^ EA + 1 






DCR 


r2 


010100R1R0 








4 


r2«-r2- 1 




Borrow 


DCRW 


wa 


00110000 


^ Offset-^ 






16 


(V,wa)^(V,wa)- 


1 


Borrow 


DCX 


rp 


OOP1P00011 








7 


rp ^ rp - 1 






EA 


10101001 








7 


EA ^ EA - 1 
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Instruction Groups (Cont.) 



Operation 



Skip 
Condition 



STC 



01 100001 
01001000 



00101011 



CLC 
CMC 

"nega 



00101010 
10101010 
001 11010 



Decimal Adjust Accumulator 

CY-^1 

CYv- 

CY<-CY 

A- A + 1 



Rotate and Shift 



011 1 0_0 
"i 1001 



001101 RiRo 
OORiRq 



001001 RiRo 



0000 01 R^Ro 



OOR^Ro 



f~0000 



Rotate Left Digit 
Rotate Right Digit 
r2n,^i — r2m, r2o <- CY, 
CY — X2-J 

"r2„'_"i^r2"^,r2'7-CY, 
CY ^ r2o 

•■2,11 + 1 ^ '■2m' ''2o ^ 0, 
CY<-r27 

r2n,_i«-r2m, r27^0, 

C Y <- r2o 

'■2m + 1^''2m. '■20^0, 
CY — r27 



Carry 



EAn + 1 — EAn, EAq^CY, 
CY - EAi5 



EAn_i-EAn, EAi5^CY, 
CY - EAo 



EAn + i^EAn, EAq — 0, 
CY-EA^s 



EA„_,^EA„ ,EA,5-0, 



Jump 


JMP 


* word 


01010100 


«- Low Adrs^ 


High Adrs 


10 


PC - (word) 


JB 




001 00001 






4 


PCh-B,PCl-C 


JR 


word 


1 1 ^jdispl^ 






10 


PC *- PC + 1 + jdisp 1 


JRE 


* word 


0100111 


^jdisp-^ 




10 


PC - PC + 2 + jdisp 


JEA 




01001000 


00101000 




8 


PC<-EA 


Call 


CALL 


word 


01000000 


*-LowAdrs-* 


High Adrs 


16 


(SP-1)-(PC + 3)h, 
(SP-2)^(PC + 3)l 
PC^(word),SP^SP- 2 


CALB 




01 001000 


00101001 




17 


(SP-1)-(PC + 2)h, 
(SP-2)-(PC + 2)l 
PCh-B,SP-SP-2 


CALF 


* word 


01111 < 


fa > 




13 


(SP-1)-(PC + 2)h, 
(SP-2)-(PC + 2)l 
PCi5_i 1-00001, 
PCio-o^ta,SP-SP-2 


CALT 


word 


lOO^ta^ 






16 


(SP-1)-(PC + 1)h, 
(SP-2)-(PC + 1)l 
PCL-(128 + 2ta),PCH- 
(129 + 2ta),SP-SP-2 


SOFTI 




01110010 






16 


(SP- 1)*-PSW,(SP-2)- 
(PC + 1)h,(SP-3)-(PC + 1)l, 
PC - 0060H, SP - SP - 3 


Return 




PC-(SP),PCh-(SP + 1) 
SP-SP + 2 



PCl-(SP), PCh-(SP + 1) 
SP ^- SP + 2, PC — PC + n 



RET! 




01100010 






13 


PCl-(SP),PCh-(SP + 1) 
PSW-(SP + 2),SP-SP + 3 


Uncondi- 
tional 
Skip 


Skip 


BIT 


bit, wa 


OIOIIB2B1B0 


-Offset-^ 




10 


Bit Test 


(V, wa) 
bit = 1 



4-61 



|xPD7810/7811 



Instruction Groups (Cont.) 



CPU Control 







Operand 




opcode 






State 


Operation 


Skip 
Condition 


Mnemonic 


B1 


B2 


B3 


84 


SK 


f 




01001000 


00001 F2F1F0 






8 


Skip if f= 1 


f=1 


SKN f 




0001 i 






8 


Skipiff = 


f = 


SKIT 


irf 








010I4I3I2I1I0 






8 


Skip if irf = 1 , then reset irf 


irf = 1 


SKNIT 


irf 




'' 


011I4I3I2I1I0 






8 


Skip if irf = 
Reset Iff, If irf = 1 


irf = 


NOP 






00000000 








4 


No Operation 




El 






1 010101 








4 


Enable Interrupt 




Dl 






10111010 








4 


Disable Interrupt 




HLT 






01001000 


00111011 






11 


Halt 





: *® B2 (Data) rpa2 = D + byte, H + byte 
*@ B3 (Data) rpa3 = D + byte, H + byte 

*® Right side of slash (/) in states indicates case rpa2, rpa3 = D + byte, H - 
*© In the case of skip condition, the idle states are as follows 

1 -byte instruction 4 states 2-byte instruction (with *) 7 states 
2-byte instruction 8 states 3-byte instruction (with *) 1 states 
3-byte instruction 11 states 4-byte instruction 14 states 



A, H + B, H + EA, H + byte 



Absolute Maximum Ratings* 

Ta = 25°C 



Operating Conditions 



Power Supply Voltages, Vcc 



- 0.5V to + 7.0V 



- 0.5V to + 7.0V 



AVcc 


- 0.5V to + 7.0V 


Input Voltage, V, 


- 0.5V to + 7.0V 


Output Voltage, Vo 


- 0.5V to + 7.0V 


Reference Input Voltage, Varef 


- 0.5V to + 7.0V 


Operating Temperature, Tqpt 


10MHz <txTAL^12MH2 


-10°Cto+70"'C 


fxTAL^ 10MHz 


-40Xto85X 


Storage Temperature, Tstg 


-65°Cto+150°C 



*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cau^e 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



Parameter 
Osc. Freq. T, 




Vcc. AVcc 


1 0MHz < f XTAL ^ 1 2 MHz - 1 0X to + 70°C 




+ 5.0V ± 5% 


fxTAL^ 10MHz -40''Cto85X 




+ 5.0V ± 10% 


Capacitance 

Ta = 25Xj Vcc = Vdd = Vss = OV 


Limits 


Unit 


Test 




Conditions 


Capacitance C, 10 


PF 


Afj. - 1MHz 


Output Capacitance Cq 20 


PF 


Unmeasured pin 


I/O Capacitance C|o 20 


pF 


returned to OV. 



DC Characteristics 

Ta = -10°Cto +70°C; Vcc = -5.0V ± 5%; Vss = OV; 



Vcc -0.8V <V 


DD- 


Vcc 












ymbol 




Limits 




Unit 




Parameter S 


Min 


TVP 


Max 


Test Conditions 


Input Low Voltage 


V,L 







0.8 


V 






V,H1 


20 




Vcc 


V 


All except SCK, RESET 
and XI 




V,H2 


0.8Vcc 




Vcc 


V 


SCK, XI 




V,H3 


0.8Vdd 




Vcc 


V 


RESET 


Output Low Voltage 


Vol 






0.45 


V 


loL = 2.0mA 


Output High Voltage 


VOH 


2.4 






V 


loH = -200^.A 


Input Current 


•i 






±200 


M.A 


INT1, Tl (PC3); 

+ 0.45V <V,N< Vcc 


Input Leal<age 
Current 


lu 






±10 


^lA 


All except INTi,TI(PC3) 
OV < V,N ^ Vcc 


Output Leakage 
Current 


Ilo 






±10 


HA 


+ 0.45V <VoS Vcc 


Vdd Supply Current 


■dd 




1.5® 


3.5 


mA 


Ta = -40°Cto+85°C 


Vcc Supply Current 


Ice 




110® 


220 


mA 


Ta = -40XtO+85X 



Note: ® Ta = ZS-'C, Vqc 
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AC Characteristics 

Ta = -10°Cto70°C; Vcc = +5.0V ± 5%; Vss = OV; 
Vcc-0.8V<VoD^Vcc 

Read! Write Operation 





Symbol 




Limits 




Unit 




Parameter 


fxTAL = 

Min 


10MHz 
Max 


fxTAL = 

Min 


12 MHz 
Max 


Test 
Conditions 


Xi Input Cycle Time 


tcYC 


100 




83 




ns 




Address Setup 
to ALE i 


tAL 


100 




65 




ns 




Address Hold 
after ALE 1 


ttA 


70 




50 




ns 




Address to RD i 
Delay Time 


tAR 


200 




150 




ns 




RD i to Address 
Floating 


tAFR 




20 




20 


ns 




Address to 
Data Input 


tAD 




480 




360 


ns 




ALE i to Data Input 


tLDR 




300 




215 


ns 




RD i to Data Input 


tRD 




250 




180 


ns 




ALE i to RD i 
Delay Time 


tLR 


50 




35 




ns 




Data Hold Time 
toRD t 


tRDH 












ns 




RD t to ALE t 
Delay Time 


tRL 


150 




115 




ns 





RD Width Low 



Data 
Read 









650 




530 




„^ opcode 
"^ Fetch 


ALE Width High 


tLL 




160 




125 




ns 




Address to 
WR i Delay 


tAW 




200 




150 




ns 




ALE i to 
Data Output 


tLDW 








210 


195 


ns 




WR i to Data Output 


twD 




130 




100 




ns 




ALE i to 
WR i Delay 


tLW 




50 




35 




ns 




Data Setup Time 
toWR t 


tow 




300 




230 




ns 




Data Hold Time 
toWR t 


twDH 




130 




95 




ns 




WR t to ALE t 
Delay Time 


twL 




150 




115 




ns 




WR Width Low 


tww 




350 




280 




ns 




Note: ® Load capacitance 

Serial Operation 


Cl = 


50pF 
















Symbol 




Limits 


Unit 


Test Cond 




Parameter 


Min 


Typ Max 


tions 






tcYK 


- 


1 
500~ 




^JlS 
ns 


SCK 


® 


SCK Cycle Time 


Input 


(D 




2 




|iS 


SCK Output 








tKKL 


- 


400 
200 




ns 
ns 


SCK 


(D 


SCK Width Low 


Input 


® 




900 




ns 


SCK Output 








tKKH 


- 


400 
200 




ns 
ns 


SCK 


® 


SCK Width High 


Input 


® 




900 




ns 


SCK Output 




RxD Setup Time to SCK t 


tRXK 




80 




ns 


@ 




RxD Hold Time After SCK t 


tKRX 




80 




ns 


® 




SCK i TxD Delay Time 


tKTX 






210 


ns 


® 





Notes: ® 1x Baud rate in Asynchronous, Synchronous, or I/O Interface nnode 
® 16x Baud rate or 64x Baud rate in Asynchronous mode 



AC Characteristics (Cont.) 

Ta = -lOXto +70°C; Vcc = +5.0V ± 5%; Vss = 
Vcc - 0.8V < Vdd ^ Vcc 

Zero-cross Ciiaracteristics 



OV; 





Symbol 




Limits 








Min 


Typ 


Max Unit 




Zero-cross 
Detection Input 


Vzx 


1 




3 VACp.p 


AC Coupled 


Zero-cross 
Accuracy 


Azx 






±135 mV 


60Hz Sine Wave 


Zero-cross 
Detection 
Input Frequency 


hx 


0.05 




1 kHz 





Ta = -lOXto +70°C; Vcc = AVcc = +5.0V ± 5%; 
Vss = AVss = OV; AVcc " 0.5V < Varef ^ AVcc 

A/D Converter Ciiaracteristics 





Symbol 




Limits 




Unit 




Parameter 


JMin 


Typ 


Max 


Test Conditions 


Resolution 




8 






Bits 





Absolute 
Accuracy 



0.4% 

± 1/2 



-lOXto +50°C 



0.6% LSB Ta = -lOXto +70°C® 

± t/2 



Conversion Time 


tcONV 


576 




tcYC 


83ns <tcYc^ 110ns 


432 




tcYC 


110ns < tcYc - 170ns 


Sampling Time 


tsAMP 


96 




tcYC 


83ns ^ tcYc ^ 110ns 


72 




tcYC 


110ns <tcYc^ 170ns 


Analog Input 
Voltage 


V,A 





Varef 


V 





-40°Cto+85X. 




Bus Timing Depending on tcvc 



Symbol 


Calculating Expression 


Min/Max 


Unit 




tAL 


2T - 100 


Mm 


ns 




ttA 


T-30 


Mm 


ns 




tAR 


3T - 100 


Mm 


ns 




tAD 


7T - 220 


Max 


ns 




tuDR 


5T - 200 


Max 


ns 




tRD 


4T- 150 


Max 


ns 




tLR 


T-50 


Mm 


ns 




tRL 


2T - 50 


Mm 


ns 




tRR 


4T - 50 (Data Read) 
7T - 50 (OP Code Fetch) 


Mm 


ns 




tLL 


2T- 40 


Mm 


ns 




tAW 


3T - 100 


Mm 


ns 




tLDW 


T + 110 


Max 


ns 




tLW 


T-50 


Mm 


ns 




tDW 


4T - 100 


Mm 


ns 




twDH 


2T- 70 


Mm 


ns 




twL 


2T- 50 


Mm 


ns 




tww 


4T- 50 


Mm 


ns 




tcYK 


12T (SCK Input)® 
24T (SCK Output) 


Mm 


ns 




tKKL 


6T- 100 (SCK Input)® 
12T- 100 (SCK Output) 


Mm 


ns 




tKKH 


6T- 100 (SCK Input)® 
12T- 100 (SCK Output) 


Mm 


ns 





I 1x Baud rate in Asynchronous, Synchronous, or I/O Interface mode 

T = tQYQ = '''XTAL 

The Items out of this list are not dependent on oscillating frequency (fxTAL) 
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Timing Waveforms 

Read Operation 



AB15-8 7 r 

(PF,. o) A / 


ADRSs-F 


< Y 






J L^ t 








-ML) 














°o-. y//m 


ADRSo-7 




/////// 


//y//A 


Data In 




7///X 




V7//// 


























♦-Ufr 






- *CL * 




h 


IL » 


— 




_-/ 


w - 




/ 






^ t 








RD 




"" 


" 








* Uc 


, tLC — 


^= 




__tcc ^ ^ 






Write Operation 













AB15-8 — y r 

(PF, ^) A J^ 


ADRSs-F 


^ y 




^ 


J u_ t 






















0.-. y////A 


ADRSo-7 


, 


/////// 


/////A 


Data in 




Y///X 




v///// 










t 














t,. Br 




~^ 


— tAFH 






« *CL » 












r' 


y 




/ 






^ t„~ 


^ 














t" 




tec 


















*-— tAC — 




», 















Transmit/Receive Timing 



— ^RTX — ^1 



3E 



Pacicage Outlines 

For information, see Pacicage Outiine Section 7. 

Plastic Quil, JJIPD7810G/11G 
Plastic Shrinkdip, ^P07810CW/11CW 
QUIL Ceramic Piggyback, |jiPD78PG11E 
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SEC 



|iPD8021 



SINGLE CHIP 8-BIT 
MICROCOMPUTER 



DESCRIPTION The NEC/LtPD8021 is a stand alone 8-bit parallel microcomputer incorporating the 
following features usually found in external peripherals. The iuPD8021 contains: 
1 K X 8 bits of mask ROM program memory, 64 x 8 bits of RAM data memory, 21 
I/O lines, an 8-bit interval timer/event counter, and internal clock circuitry. 



FEATURES • 8-Bit Processor, ROM, RAM, I/O, Timer/Counter 

• Single +5V Supply (+4.5V to +6.5V) 

• NMOS Silicon Gate Technology 

• 8.38 jUs Instruction Cycle Time 

• All Instructions 1 or 2 Cycles 

• Instructions are Subset of iLtPD8048/8748/8035 

• High Current Drive Capability - 2 I/O Pins 

• Clock Generation Using Crystal or Single Inductor 

• Zero-Cross Detection Capability 

• Expandable I/O Using m8243's 

• Available in 28-Pin Plastic Package 




PIN CONFIGURATION 



P22C: 


1 


^-"^ 


28 


3 Vcc 


P23C 


2 




27 


J P2I 


PROGC 


3 




26 


DP20 


Pood 


4 




25 


J Pl7 


PoiC 


5 




24 


DPI6 


P021: 


6 




23 


DP15 


P031I 


7 


(JlPD 
8021 


22 


3 P14 


P04C 


8 




21 


DP13 


pobC 


9 




20 


3pi2 


P06C 


10 




19 


Dpii 


po7t: 


11 




18 


3 Pig 


ALEC 


12 




17 


3 RESET 


T1C 


13 




16 


U XTAL 2 


vssC 


14 




15 


3 XTAL1 



Rev/2 
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^ 



i£ 



1024 X 8-BIT 

MASK ROM 

ROGRAM MEMORY 



Jf 






1 



8-BIT 
INTERVAL TIMER/ 
EVENT COUNTER 



BLOCK DIAGRAM 



Operating Temperature C to +70 C 

Storage Temperature (Ceramic Pacl<age) -65°C to +150°C 

(Plastic Package) -65°C to +150°C 

Voltage on Any Pin -0.5 to +7 Volts © 

Power Dissipation 1 Watt 

Note: © With Respect to Ground. 

Ta = 25° C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

Ta = 0°C to +70°C; Vqc = +5.5V ± IV; Vss = OV 



ABSOLUTE MAXIMUM 
RATINGS* 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 


-0.5 




+ 0.8 


V 




Input High Voltage, RESET, T1 
(All Except XTAL1,XTAL 2) 


V|H 


2.0 




vcc 


V 


Vcc = 5.0V ± 10?^° 


Input High Voltage 
(XTAL1,XTAL2) 


V|H1 


3.0 




vcc 


V 


Vcc = 5.5V ± IV 


Output Low Voltage 


Vol 






0.45 


V 


'OL = 1-7 mA 


Output Low Voltage 

(PiaPii) 


VOLI 






2.5 


V 


Iql ~ 7 mA 


Output High Voltage 
(All Unless Open Drain) 


VOH 


2.4 






V 


IOH = 40)uA 


Output Leakage Current 
(Open Drain Option - Port 0) 


"OL 






±10 


^x^ 


VCC>V|N>VSS 
+0.45V 


VCC Supply Current 


Ice 




40 


75 


mA 





DC CHARACTERISTICS 



Ta = 0^0 to +70°C; Vqc = 5.5V ± 1 V, Vss = OV 



PARAMETER 


SYMBOL 


limits 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Cycle Time 


Toy 


8.38 




50.0 


MS 


3.58 MHz XTAL 
for T^Y l^'"- 



AC CHARACTERISTICS 
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PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


1-2, 
26-27 


P2O-P23 
(Port 2) 


P20-P23 comprise the 4-bit bi-directional I/O port 
which is also used as the expander bus for the 
MPD8243. 


3 


PROG 


PROG is the output strobe pin for the MPD8243. 


4-11 


P0O-P07 
(Port 0) 


One of the two 8-bit quasi bi-directional I/O ports. 


12 


ALE 


Address Latch Enable output (active-high). Occurring 
once every 30 input clock periods, ALE can be used 
as an output clock. 


13 


T1 


Testable input using transfer functions JT1 and JNT1. 
T1 can be made the counter/timer input using the 
STRT CNT instruction. T1 also provides zero-cross 
sensing for low-frequency AC input signals. 


14 


vss 


Processor's ground potential. 


15 


XTAL1 


One side of frequency source input using resistor, 
inductor, crystal or external source. (non-TTL 
compatible V|h). 


16 


XTAL2 


The other side of frequency source input. 


17 


RESET 


Active high input that initializes the processor and 
starts the program at location zero. 


18-25 


P1O-P17 
(Porti) 


The second of two 8-bit quasi bi-directional I/O ports. 


28 


vcc 


-1-5V power supply input. 



FUNCTIONAL DESCRIPTION 



The NEC mPD8021 is a single component, 8-bit, parallel microprocessor using 
N-channel silicon gate MOS technology. The self-contained IK x 8-bit ROM, 
64 X 8-bit RAM, 8-bit timer/counter, and clock circuitry allow the mPD8021 to 
operate as a single-chip microcomputer in applications ranging from controllers to 
arithmetic processors. 

The instruction set, a subset of the MPD8048/8748/8035, is optimum for high-volume, 
low cost applications where I/O flexibility and instruction set power are required. The 
JUPD8021 instruction set is comprised mostly of single-byte instructions with no 
instructions over two bytes. 
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MNEMONIC 


FUNCTION 


DESCRIPTION 


Dy 


D6 


INSTRUCTION CODE 
,.D5 D4 D3 D2 


Di 


Do 


CYCLES 


BYTES 


FLAG 

c 




DATA MOVES ] 


MOV A, = data 
MOV A, Rr 


(A) ^data 

(A) ^(Rr),r = 0-7 


Move Immediate the specified data into 
the Accumulator 

Move the contents of the designated 
registers into the Accumulator 




d7 
1 




d6 
1 


d5 




d4 
1 



d3 
1 




d2 


1 
dl 


do 


2 


2 




MOV A, @ Rr 


(A)- ((Rr)),r = 0-1 


Move Indirect the contents of data 
memory location into the Accumulator 


1 


1 




1 













1 


^ 




MOV Rr, =data 


(Rr)*-data,r = 0-7 


Move Immediate the specified data into 
the designated register 


1 
d7 



d6 


d5 


1 
d4 


1 

d3 


d2 


dl 


do 


2 






MOVRr, A 


(Rr)^ (A),r =0-7 


Move Accumulator Contents into the 
designated register 


1 










1 


' 


' 




1 






MOV @ Rr, A 


((Rr))^(A), r = 0- 1 


Move Indirect Accumulator Contents 
into data memory location 


1 





















1 






MOV @ Rr, = data 
MOVP A,@A 


((Rr))^data, r = 0- 1 

(PC 0-7) ^(A) 
(A) ^-((PO) 


Move Immediate the specified data into 

data memory 

Move data m the current page into the 

Accumulator 


1 
d7 

1 




d6 



d5 


1 

d4 





d3 





d2 





dl 
1 


do 


2 
2 






XCH A, Rr 


(A) ;!(Rr),r = 0-7 


Exchange the Accumulator and desig- 
nated register's contents 













1 


' 


' 




1 






XCH A,@ Rr 


(A);i((Rr)), r = 0- 1 


Exchange Indirect contents of Accumu- 
lator and location in data memory 
























1 






XCHD A,@Rr 


{AO-3);:^ ((Rr)) 0-3)), 
r = 0-l 


Exchange Indirect 4-bit contents of 
Accumulator and data memory 










1 













1 






FLAGS 1 


CPLC 


(C) -NOT (C) 


Complement Content of carry bit 1 





1 








1 


1 


1 


1 


1 


• 


CLRC 


(C)-0 


Clear content of carry bit to 1 








1 





1 


1 


1 


1 


1 


• 


INPUT/OUTPUT 1 


ANLDPp, A 


(Pp) - (Pp) AND (AO-3) 
p = 4-7 


Logical and contents of Accumulator witl^ 
designated port (4 - 7). 


1 








1 




1 


p 


P 


2 






INA, Pp 


(A) -(Pp),p= 1 -2 


Input data from designated port (1 - 2) 
into Accumulator 



















p 


P 


2 






MOVD A, Pp 


(A0-3)-(Pp),p = 4-7 
{A4-7)-0 


Move contents of designated port (4 - 7) 
into Accumulator 
















1 


p 


P 


2 






MOVD Pp, A 


(Pp) — A0-3,p = 4-7 


Move contents of Accumulator to desig- 
nated port (4 - 7) 








1 


1 




1 


p 


' 


1 






ORLDPp,A 


(Pp) ^'Pp) OR (A 0-3) 
p = 4-7 


Logical or contents of Accumulator 
with designated port (4 - 7) 


1 













1 


p 


P 


1 






OUTLPp, A 


(Pp)^(A),p=1 -2 


Output contents of Accumulator to 
designated port (1-2) 








1 


1 







p 


P 


1 






REGISTERS | 


INCRr 


(Rr) -(Rr) + 1,r = 0-7 


Increment by 1 contents of designated 
register 











1 


1 


' 


' 


' 


1 


1 




INC@Rr 


((Rr)) -((Rr)) + 1, 
r = 0- 1 


Increment Indirect by 1 the contents of 
data memory location 











1 











' 


1 


1 




SUBROUT 


INE 1 


CALLaddr 


((SP))-(PC),(PSW4-7) 


Call designated Subroutine 


aiO 


39 


as 


1 





1 








2 


2 






(SP) - (SP) + 1 
(PCS- 10)-addr8-10 
(PCG-7)-addr0-7 
(PC 11) -DBF 




a? 


36 


as 


34 


as 


32 


31 


30 








RET 


(SP) - (SP) - 1 
(PC)-((SP)) 


Return from Subroutine without restor- 
ing Program Status Word 


1 

















1 


1 


2 


1 




TIMER/COUNTER 1 


MOV A,T 


(A) - (T) 


Move contents of Timer/Counter into 
Accumulator 





1 














1 





1 


1 




MOV T, A 


{T)-(A) 


Move contents of Accumulator into 
Timer/Counter 





1 


1 











1 





1 


1 




STOP TCNT 




Stop Count for Event Counter 





1 


1 








1 





1 


1 


1 




STRT CNT 




Start Count for Event Counter 





1 











1 





1 


1 


1 




STRTT 




Start Count for Timer 





1 





1 





1 





1 


1 


1 




MISCELLANEOUS | 


NOP 




No Operation performed 1 




















° ' ' 1 



Notes (D Instruction Code Designations r and p 
(2) The dot under the appropriate flag bit 
@ References to the address and data are 
(4) Numerical.Subscripts appearing in the 



form the binary representation of the Registers and Ports involved 
indicates that its content is subject to change by the instruction it appears ir 
specified in bytes 2 and/or 1 of the instruction 
FUNCTION column reference the specific bits affected. 



Symbol Definitions 



SYMBOL 


DESCRIPTION 


A 


The' Accumulator 


addr 


Program Memory Address (12 bits) 


C 


Carry Flag 


CLK 


Clock Signal 


CNT 


Event Counter 


D 


Nibble Designator (4 bits) 


data 


Number or Expression (8 bits) 


P 


"In-Page" Operation Designator 


Pp 


Port Designator (p = 1 , 2 or 4 - 7) 


Rr 


Register Designator (r = 0, 1 or - 7) 



SYMBOL 


DESCRIPTION 


T 


Timer 


Tl 


Testable Flag 1 


X 


External RAM 


= 


Prefix for Immediate Data 


@ 


Prefix for Indirect Address 


$ 


Program Counter's Current Value 


(x) 


Contents of External RATS/I Location 


((x)) 


by the Contents of External RAM Location 


*- 


Replaced By 
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MNEMONIC 


FUNCTION 


DESCRIPTION 


D7 


D6 


INSTRUCTION CODE 
D5 D4 D3 D2 


Dl 


Do 


CYCLES 


BYTES 


FLAG 
C 






ACCUMULATOR j 


ADD A, = data 


(A) -(A) +data 


Accumulator 



d7 



d6 



d5 



d4 



d3 



d2 


1 
dl 


do 


2 




• 


Add A, Rr 


(A)^(A) + (Rr) 
for r = - 7 


the Accumulator 





1 


1 





1 


f 


' 










ADD A,@ Rr 


(A)-(A)+((Rr)) 
for r = - 1 


Add indirect the contents the data 
memory location to the Accumulator 





1 


1 




















• 


ADDC A, = data 


(A)^(A) + (C)+data 


Add immediate with carry the specified 
data to the Accumulator 



d7 



d6 



d5 


1 
d4 



d3 



d2 


1 
dl 


do 








ADDC A, Rr 


(A)-(A)+(C) + (Rr) 
for r = - 7 


Add with carry the contents of the 
designated register to the Accumulator 





1 


1 


1 


1 


•■ 


•■ 










ADDCA,@Rr 


(A)-(A) + (C) + ((Rr)) 
for r = - 1 


Add indirect with carry the contents of 
data memory location to the 
Accumulator 





1 


1 


1 



















ANL A, = data 


(A) -(A) AND data 


Logical and specified Immediate Data 
with Accumulator 



d7 


1 
d6 



d5 


1 
d4 



d3 



d2 


dl 


do 








ANL A, Rr 


(A) *-(A) AND (Rr) 
for r = - 7 


Logical and contents of designated 
register with Accumulator 





1 





1 


1 


' 


' 










ANL A, @ Rr 


(A)-H-(A) AND ((Rr)) 
for r = - 1 


Logical and Indirect the contents of data 
memory with Accumulator 





1 





1 



















CPLA 


(A)^NOT (A) 


Complement the contents of the 
Accumulator 








1 


1 





1 


1 










CLR A 


(A) -^0 


CLEAR the contents of the Accumulator 








1 








1 


1 










DA A 




DECIMAL ADJUST the contents of the 
Accumulator 





1 





1 





1 


1 








• 


DEC A 


(A)-(A)-1 


DECREMENT by 1 the Accumulator's 
contents 

















1 


1 










INC A 


(A) -(A) +1 


Increment by 1 the Accumulator's 
contents 











' 





1 


1 










ORL A, = data 


(A) - (A) OR data 


Logical OR specified immediate data 
with Accumulator 



d7 


1 

d6 



d5 



d4 



d3 



d2 


1 
dl 


do 








ORLA, Rr 


(A)-^(A) OR (Rr) 
for r = - 7 


Logical OR contents of designated 
register with Accumulator 





1 








1 


' 


' 










ORL A@Rr 


(A)-(A)OR((Rr)) 
for r = - 1 


Logical OR Indirect the contents of data 
memory location with Accumulator 





1 





& 



















RLA 


(AN + 1)-(AN) 
(Ao)^(A7) 
for N = - 6 


Rotate Accumulator left by 1-bit with- 
out carry 


1 


1 


1 








1 


1 










RLC A 


(AN + 1)-^(AN),N = 0-6 
(Aq) *- (C) 
(C) *- (Ay) 


Rotate Accumulator left by 1-bit through 
carry 


1 


1 


1 


1 





1 


1 








• 


RR A 


(AN)-^(AN + 1),N = 0-6 
(A7) - (Aq) 


Rotate Accumulator right by 1-bit 
without carry 





1 


1 


1 





^ 


1 










RRC A 
SWAP A 


(AN)-(AN+1),N = 0-6 

(A7)-(C) 

(C)-(Ao) 

(A4.7) ^ (Aq - 3) 


Rotate Accumulator right by 1-bit 
through carry. 

Swap the 24-bit nibbles m the 
Accumulator 






1 
1 


1 












1 
1 


1 

1 








• 


XRL A, = data 


(A) - (A) XOR data 


Logical XOR specified immediate data 
with Accumulator 


1 

d7 


1 
d6 




d5 


1 

d4 



d3 



d2 


1 
dl 


do 








XRLA, Rr 


(A) -^ (A) XOR (Rr) 
for r = - 7 


Logical XOR contents of designated 
register with Accumulator 


1 


1 





1 


1 


•■ 


^ 










XRL A,@Rr 


(A)-e-(A) XOR ((Rr)) 
f or r = - 1 


Logical XOR Indirect the contents of data 
memory location with Accumulator 


1 


1 





1 





















BRANCH 1 


DJNZ Rr, addr 


(Rr)-(Rr)-1,r = 0-7 

If (Rr) 1*0 

(PC - 7) - addr 


Decrement the specified register and 
test contents 


1 
37 


1 

36 


1 
35 




34 


1 

33 


32 


31 


30 


2 


2 




JC addr 


(PC0-7)^addrifC = 1 
(PC)-(PC)+2ifC = 


Jump to specified address if carry flag 
IS set 


1 

37 


1 

36 


1 
35 


1 
34 




33 


1 

32 


1 

31 




30 


2 


2 




JMP addr 


(PC 8 -10) -addr 8 -10 
(PC - 7) -^ addr 0-7 
(PCID-H-DBF 


Direct Jump to specified address within 
the 2K address block 


aiO 

37 


39 
36 


38 

35 



34 



33 


1 

32 




31 




30 


2 


2 




JMPP @ A 


(PC 0-7) -((A)) 


Jump indirect to specified address with 
address page 


1 





1 


1 








1 


1 


2 


1 




JNC addr 


(PC0-7)-addrifC = 
(PC) - (PC) + 2 if C = 1 


Jump to specified address if carry flag is 
low 


1 

37 


1 

36 


1 
35 




34 



33 


1 

32 


1 
31 




30 


2 


2 




JNT1 addr 


(PC - 7) <^ addr if T1 = 
(PC) -(PC) +2 if T1 =1 


Jump to specified acjdress if Test 1 is low 




37 


1 

36 



35 




34 




33 


1 

32 


1 
31 




30 


2 


2 




JNZ addr 


(PC - 7) - addr if A = 
(PC)-(PC) + 2if A=0 


Jump to specified address if 
Accumulator is non-zero 


1 

37 




36 



35 


1 
34 



33 


1 

32 


1 
31 




30 


2 


2 




JTF addr 


(PC0-7)-addrifTF = 1 
(PC)-(PC) + 2ifTF=0 


Jump to specified address if Timer Flag 
IS set to 1 



37 




36 




35 


1 
34 



33 


1 

32 


1 
31 




30 


2 


2 




JT1 addr 


(PC -7) -addr If T1 =1 
(PC) -(PC) + 2 If T1 =0 


Jump to specified address if Test 1 is a 1 



37 


1 

36 




35 


1 
34 



33 


1 

32 


1 
31 




30 


2 


2 




JZ addr 


(PC - 7) - addr if A = 
(PC) - (PC) + 2 if A = 


Jump to specified address if Accumulator 
isO. 


1 

37 


1 

36 




35 




34 



33 


1 

32 


1 
31 




30 


2 

,., ,..J 


2 
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Package Outlines 

For information, see Paclcage Outline Section 7. 



Plastic, M^PD8021C 
Cerdip, fjiPD8021D 
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SEC 



fiPD8041A 
fiPD8741A 



UNIVERSAL PROGRAMMABLE PERIPHERAL 
INTERFACE — 8-BIT MICROCOMPUTER 

DESCRIPTION The /iPD8041 A/8741 A is a programmable peripheral interface intended for use 
in a wide range of microprocessor systems. Functioning as a totally self-sufficient 
controller, the iLiPD8041 A/8741 A contains an 8-bit CPU, 1 K x 8 program 
memory, 64 x 8 data memory, I/O lines, counter/timer, and clock generator in a 
40-pln DIP. The bus structure, data registers, and status register enable easy interface 
to 8048, 8080A or 8085A based systems. The iuPD8041 A's program memory is fac- 
tory mask programmed, while the juPD8741 A's program memory is UV EPROM to 
enable user flexibility. 

FEATURES • Fully Compatible with 8048, 8080A, 8085A and 8086 Bus Structure 

• 8-Bit CPU with 1 K x 8 ROM, 64 x 8 RAM, 8-Bit Timer/Counter, 
18 I/O Lines 

• 8-Bit Status and Two Data Registers for Asynchronous Slave-to-Master 
Interface 

• Interchangeable EPROM and ROM Versions 

• Interrupt, DMA or Polled Operation 

• Expandable I/O 

• 40-Pin Plastic or Cerdip DIP Package 

• Single +5V Supply 




PIN CONFIGURATION 



To C 


1 




40 


3 


vcc 


xi C 


2 




39 


3 


T1 


X2 C 


3 




38 


3 


P27/DACK 


RESET C 


4 




37 


3 


P26/DRQ 


ss c 


5 




36 


3 


P25/IBF 


cs c 


6 




35 


3 


P24/OBF 


EA C 


7 




34 


3 


Pl7 


RD C 


8 




33 


3 


P16 


Ao C 


9 


juPD 


32 


3 


Pl5 


WR C 
SYNC C 


10 
11 


8041 A/ 


31 
30 


3 
3 


Pl4 
Pl3 


Do C 


12 


8741A 


29 


3 


P12 


Dl C 


13 




28 


3 


P1I 


D2 C 


14 




27 


3 


P10 


D3C 


15 




26 


3 


vdd 


D4 C 


16 




25 


3 


PROG 


DbC 


17 




24 


3 


P23 


D6 C 


18 




23 


3 


P22 


D7C 


19 




22 


3 


P2I 


vssC 


20 




21 


3 


P20 
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PIN 


FUNCTION 


NO 


SYMBOL 


1,39 


To Ti 


Testable input pins using conditional transfer Instructions 
JTO, JNTO, JT1, JNT1. T^ can be made the countpr/timer 
input using the STRT CNT instruction. The PROiVI pro- 
gramming and verification on the iuPD8741 A uses Tq. 


2 


Xl 


One side of the crystal input for external oscillator or 
frequency source. 


3 


X2 


The other side of the crystal input. 


4 


RESET 


Active-low input for processor initialization. RESET is also 
used for PROM programming, verification, and power down. 


5 


SS 


Single Step input (active-low). SS together with SYNC out- 
put allows the iuPD8741 A to "single-step" through each 
instruction in program memory. 


6 


CS 


Chip Select input (active-low). CS is used to select the 
appropriate iLtPD8041 A/8741 A on a common data bus. 


7 


EA 


External Access input (active-high). A logic "1" at this input 
commands the )uPD8041 A/8741 A to perform all program 
memory fetches from external memory. 


8 


RD 


Read strobe input (active-low). RD will pulse low when the 
master processor reads data and status words from the DATA 
BUS BUFFER or Status Register. 


9 


Ao 


Address input which the master processor uses to indicate if 
a byte transfer is a command or data. 


10 


WR 


Write strobe input (active-low). WR will pulse low when the 
master processor writes data or status words to the DATA 
BUS BUFFER or Status Register. 


11 


SYNC 


The SYNC output pulses once for each /iPD8041 A/8741 A 
instruction cycle. It can function as a strobe for external 
circuitry. SYNC can also be used together with SS to 
"single-step" through each instruction in program memory. 


12-19 


D0-D7 BUS 


The 8-bit, bi-directional, tri-state DATA BUS BUFFER lines 
by which the iuPP8041 A/8741 A interfaces to the 8-bit 
master system data bus. 


20 


vss 


Processor's ground potential. 


21-24, 
35-38 


P20-P27 


PORT 2 is the second of two 8-bit, quasi-bi-directional I/O 
ports. P20-P23 contain the four most significant bits of the 
program counter during external memory fetches. P20"P23 
also serve as a 4-bit I/O bus for the iuPD8243, INPUT/ 
OUTPUT EXPANDER. P24-P27 can be used as port lines or 
can provide Interrupt Request (IBF and OBF) and DMA 
handshake lines (DRQ and DACK). 


25 


PROG 


Program Pulse. PROG is used in programming the juPD8741A. 
It is also used as an output strobe for the juPD8243. 


26 


Vdd 


Vdd 'S ^^^ programming supply voltage for programming 
the j(iPD8741 A. It is +5V for normal operation of the 
iuPD8041 A/8741 A. Vqq is also the Low Power Standby 
input for the ROM version. 


27-34 


P1O-P17 


PORT 1 is the first of two 8-bit quasi-bi-directional I/O ports. 


40 


vcc 


Primary power supply. V^c nriust be +5V for programming 
and operation of the /iPD8741 A and for the operation of the 
iL(PD8041A. 



PIN IDENTIFICATION 
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FUNCTIONAL 
DESCRIPTION 



MPD8041 A/8741 A 

FUNCTIONAL 

ENHANCEMENTS 



The iuPD8041 A/8741 A is a programmable peripheral controller intended for use 
in master/slave configurations with 8048, 8080A, 8085A, 8086 - as well as most 
other 8-bit and 16-bit microprocessors. The iLiPD8041 A/8741 A functions as a 
totally self-sufficient controller with its own program and data memory to effectively 
unburden the master CPU from I/O handling and peripheral control functions. The 
juPD8041 A/8741 A is an intelligent peripheral device which connects directly to the 
master processor bus to perform control tasks which off load main system processing 
and more efficiently distribute processing functions. 

The juPD8041 A/8741 A features several functional enhancements to the earlier 
iuPD8041 part. These enhancements enable easier master/slave interface and increased 
functionality. 

1. Two Data Bus Buffers. Separate Input and Output data bus buffers have been 
provided to enable smoother data flow to and from master processors. 



:> 



Do 



r 

D7\ 1 



INPUT DATA 

BUS BUFFER 

(8) 



OUTPUT DATA 

BUS BUFFER 

(8) 



^ 






INTERNAL 
DATA BUS 




2. 8-Bit Status Register. Four user-definable status bits, ST4-ST7, have been 
added to the status register. ST4-ST7 bits are defined with the MOV STS, A 
instruction which moves accumulator bits 4-7 to bits 4-7 of the status register. 
ST0-ST3 bits are not affected. 



STy 


ST6 


ST5 


ST4 


Fl 


FO 


IBF 


OBF 



D? 



D6 



D5 



D4 



D3 D2 



D1 



Do 



MOV STS, A Instruction OP Code 90H 

3. RD and WR inputs are edge-sensitive. Status bits IBF, OBF, Fl and FO are 
affected on the trailing edge at RD or WR. 



RDorWR " 



2^ Flags 



affected 
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4. P24 and P25 can be used as either port lines or Buffer Status Flag pins. This 
feature allows the user to make OBF and IBF status available externally to 
interrupt the master processor. Upon execution of the EN Flags instruction, 
P24 becomes the OBF pin. When a "1" is written to P24, the OBF pin is 
enabled and the status of OBF is output. A "0" written to P24 disables the 
OBF pin and the pin remains low. This pin indicates valid data is available from 
the iuPD8041 A/8741 A. EN Flags instruction execution also enables P25 indi- 
cate that the mPD8041 A/8741 A is ready to accept data. A "^ " written to P25 
enables the IBF pin and the status of IBF is available on P25. A "0" written to 
P25 disables the IBF pin. If OBF is not true, the data at the databus is invalid. 

EN Flags Instruction Op code — F5H. 

5. P26 and P27 can be used as either port lines or DMA handshake lines to allow 
DMA interface. The EN D MA ins truction enables P26 and P27 to be used as 
DRQ (DMA Request) and DACK (DMA acknowledge) respectively. When a 
"V is written to P26, DRQ is activated and a DMA request is issued. Deacti- 
vation of DRQ is accompl ished b y the execution of the EN DMA instruction, 
DACK ended w ith RD , or DACK ended with WR. When EN DMA hes been 
executed, P27 (DACK) functions as a chip select input for the Data Bus 
Buffer registers during DMA transfers. 

EN DMA Instruction Op Code - E5H. 



MPD8041 A/8741 A 
FUNCTIONAL 
ENHANCEMENTS (CONT.) 



CRYSTAL. LC. OR CLOCK 



RiSff PROG ^ SYNC EA 



MASTER SYSTEM INTERFACE 

I 

CS WR Do-D? 



CONTROL LOGIC 



7T 



— '^ INSTRUCTION ^ N 
^ DECODER S^^ ^ 

I 




<? 



^ 



OBB 
STATUS 
REGISTER 



S 



BLOCK DIAGRAM 



PERIPHERAL INTERFACE 



















CONDITIONAL 
BRANCH 
LOGIC 



11 



L 



MIT 

TIMER/ 

EVENT COUNTER 



I^^ II 



PORT 2 

BUS 
BUFFER 



PORT 4-7 
EXPANDER 
INTERFACE 



II 



8-BIT INTERNAL BUS 

TV 



"Ty 



10 BIT 
PROGRAM 
COUNTER 



■^ 



RESIDENT 

ROM/PROM 

PROGRAM MEMORY 

1024x8 



-O I 



P0RT1 

BUS 
BUFFER 



7y 
iz 



TV 



iz 



MULTIPLEXER 



REGISTER BANK 1 



REGISTER BANK 



DATA MEMORY 



RESIDENT 
RAM 
84K8 



{Voo ^ 
VCC— ^ 
Vss » 



PROGRAM POWER SUPPLY 
►5V SUPPLY 
GROUND 
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ABSOLUTE MAXIMUM 
RATINGS* 



DC CHARACTERISTICS 



Operating Temperature 0°C to +70°C 

Storage Temperature (Ceramic Package) -65°C to +150°C 

Storage Temperature (Plastic Package) -65°C to+150°C 

Voltage on Any Pin -0.5 to +7 Volts ® 

Power Dissipation 1.5 Watt 

Ta = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause perma- 
nent damage to the device. This is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 
Note With respect to ground 



Ta = 0°Cto +70°C;Vcc = 


= Vdd = +5V ± 10%; vss = ov 






PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 
(All except Xi and X2) 


V|L 


-0.5 




40.8 


V 




Input Low Voltage 
(Xi and X2, RESET) 


V|L1 


-0.5 




0.6 


V 




Input High Voltage 


V|H 


2.0 




vcc 


V 




(All except Xi,X2, RESET) 


Input High Voltage 
<Xi,X2, RESET) 


V|H1 


3.8 




vcc 


V 




Output Low Voltage 
(D0-D7, SYNC) 


Vol 






0.45 


V 


•OL = 2.0 mA 


Output Low Voltage 

(All other outputs except PROG) 


V0L1 






0.45 


V 


•OL = 1-0 f"A 


Output Low Voltage (PROG) 


V0L2 






0.45 


V 


l0L= 1.0 mA 


Output High Voltage (D0-D7) 


VOH 


2.4 






V 


lOH — *00mA 


Output High Voltage 
(All other outputs) 


VOHI 


2.4 






V 


•oh = -50 m A 


Input Leakage Current 
(T0,Ti,RD,WR,CS, EA.Aq) 


l|L 






±10 


mA 


VSS<V|N< 

Vcc 


Output Leakage Current 
(D0-D7; High Z State) 


lOL 






±10 


mA 


Vss + 0.45 < 
V|N < Vcc 


Vdd Supply Current 


•do 






15 


mA 




Total Supply Current 


•CC+'DD 






125 


mA 




Low Input Source Current 
(PlO-Pl7;P20-P27) 


ILI 






0.5 


mA 


V|L = 0.8V 


Low Input Source Current 
(SS; RESET) 


•lii 






0.2 


mA 


V|L = 0.8V 
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Ta = 0°C to +70°C; Vqd ='VcC = +5V ± 10%; Vss = OV 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MPD8041A 


MPD8741A 


MIN 1 MAX 


MIN 


. MAX \ 


DBB READ 




CS, Ao Setup to RD i 


tAR 







60 




ns 




CS,Ao Hold after RD t 


tRA 







30 




ns 




RD Pulse Width 


tRR 


250 




300 


2xtCY 


ns 


tcY = 2.5ius 


CS, Ao to Data Out Delay 


tAD 




225 




370 


ns 


Cl = 150pF 


RD 4 to Data Out Delay 


tRD 




225 




200 


ns 


Cl = 150pF 


RD t to Data Float Delay 


tDF 




100 




140 


ns 




Cycle Time 


tCY 


25 


15 


2.5 ' 


15 


MS 


6 MHz Crystal 




DBB WRITE 1 


CS", Aq Setup to WR i 


tAW 


10 




60 




ns 




CS, Ao Hold after WR t 


tWA 


10 




30 




ns 




WR Pulse Width 


tww 


260 




300 


2xtcY 


ns 


tCY = 2.5 MS 


Data Setup to WR t 


^DW 


150 




250 




ns 




Data Hold after WR t 


tyvD 


10 




30 




ns 




PORT 2 


Port Control Setup before 
falling edge of PROG 


'CP 


110 




110 




ns 




Port Control Hold after Falling 
Edge of PROG 


'PC 


100 




100 




ns 




PROG to P2 input Valid 


'PR 




810 




810 


ns 




input Data Hold Time 


'PF 





150 





150 


ns 




Output Data Setup Time 


'dp 


250 




250 




ns 




Output Data Hold Time 


'PD 


65 




65 




ns 




PROG Pulse Width 




1200 




1200 




ns 




DMA 




DACK i toRD i orWR i 


'acc 












ns 




RD t or WR to DACK t 


'CAC 












ns 




DACK to Data Valid 


'acd 




225 




225 


ns 


Cl 150pF 


RDorWRtoDRQ | 


'CRQ 




225 




225 


ns 





READ OPERATION - DATA BUS BUFFER REGISTER 



TIMING WAVEFORMS 



(=^ ,, n. XX 


>c 




-.1 


SYSTEM 




, 








_| -.^ _ 




y 


.« IRA »- 




1 

1 






^< 








K 






h— 


O- —m- 


















DATA BUS 




-^ 











^ 


1 













WRITE OPERATION - DATA BUS BUFFER REGISTER 



.„.Z3j 


J 


<: 










s 


., nvw ^ 


/ 


— *— 


ADDRESS BUS 


=r. 1 










WRITE CONTROL 








-»'WD-*. 






DATA CAN CHANGE 


> 




DATA 


uo ' 


< 


DATACA 


N CHANGE 








X. 






(INfUT) 
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DMA TIMING DIAGRAM 



^ACC- 



J' 



\ 



J~ 



-k^AC 



\ ""^ ) C 



- *ACD - 



*CRQ- 



\ 



Ucc- 



J~ 



<CRQ- 



I 



-kjAC 



" X '"■^° X ~ 



PORT 2 TIMING DIAGRAM 



SYNC / 
EXPANDER 


^ 




/ 




v_ 






bp 


— 




J 

tpD 


PORT 








P- 




OUTPUT y 




PORT20 — 23DATA 




\ 


^ PORT CONTROL )^ 




X 


EXPANDER 
PORT 






_tpp_ 








¥f 












--zx: 




PORT20 — 23DATA 




y. 


^ PORT CONTROL J 


< 




3m>cz: 




tCP 


-¥c- 


— tpp 






PROG 










N 


\ 








J 


^ 
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INSTRUCTION SET 













INSTflUCTION CODE 








FLAqS 




MNEMONIC 


FUNCTION 


DESCRIPTION 


Oj 


D6 


05 


D4 


D3 


D2 


1 00 


CYCLES 


BYTES 


C AC FO F1 IBF OBF 


ST4.7 


_______^ ACCUMU 


LATOH 




ADDA - dita 


ADDA = data. 






















, 














Accumulator 


d7 


d6 


d5 


d4 


d3 


d2 d 


1 do 










ADDA Bt 


(Al lA) * (Rrl 

for r =0-7 


Add contents of devgnated register to 
the Accumulator 







' 





' 




' 










ADD A @)Rr 


(Al . (Al ♦ ((Rfll 


Add Indirect the contents the data 







1 








r 1 












for r = - 1 


























ADDCA =data 


(Al • (Al ♦ (C) ♦ data 












1 








1 














data to the Accumulator 


tl? 


d6 


^5 


d4 


d3 


d2 d 


1 do 










AODC A f>, 


(Al (Al ♦ (CI ♦ (Rrl 
for r = - 7 


Add Mvith carry the contents of the 
designated register to the Accumulator 







' 


' 


' 














AO(iC A @Rf 


lAI (Al • (C) ♦ ((Rr)l 


Add Indirect with carry the contents of 







1 


1 





r 1 












for r = - 1 


data memory location to the 
Accumulator 
























ANL A - data 


.Al (AlANDdaia 


Logical and specified immediate Data 










1 








1 














with Accumulator 


U7 


"6 


d5 


04 


d3 


d2 d 


1 do 










ANL A R' 


(Al lAlAND'RrI 
for r = - 7 


Logical and contents of designated 
register with Accumulator 










' 


' 














ANL A @Rr 


(Al (AIAND((Rrll 
for r = - 1 


Logical and indirect the contents of data 










' 





C 


r 










CPL A 


(Al • NOT (Al 


Comoiement the contents of rhe 
Accumulator 







1 


' 





' 


' 










CLR A 


(Al ■ 


CLEAR the contents of the Accumulator 







1 








1 


1 










DA A 




DECIfWIAL ADJUST the contents of thp 
Accumulator 










1 





' 


1 






• 




DEC A 


(A). (Al- 1 


DECREMENT by 1 the accumulator s 
















' 


' 










INC A 


(A, (AM, 


Increment by 1 the accumulator s 










' 





' 


' 










ORL A = data 


(Al- (Al OR data 


Logical OR or specified immediate datd 



















1 














with Accumulator 


d? 


•^6 


CI5 


d4 


d3 


d2 d 


1 do 










ORL A Rr 


(A) • (Al OR (Rrl 
for r = - 7 


Logical OR contents of designated 
register with Accumulator 













' 


' 


' 










ORL A ®R- 


(Al (AIOR((Rrtl 
for r = - 1 


Logical OR Indirect the contents of data 
















c 


r 










RL A 


(AN • 1) • (ANI 
(Ao).-(A7l .- 
for N - - 6 


Rotate Accumulator left by 1 bit without 
carry 


1 




1 








' 


' 










RLC A 


(AN + 1)^(AN),N = 0-6 

(Ag)- (CI 

(CI 1A7I 


Rotate Accumulator left by ) bit through 


1 




' 


' 





' 


^ 






• 




RBA 


(AN)^(AN + 1), N = 0-6 
(A7I (Aq) 


Rotate Accumulator right by 1 bit 
without carry 







1 


1 





' 


1 










RRC A 


(AN)^(AN + 1),N = 0-6 
(A7I (CI 
(CI • (Aq) 


Rotate Accumulator right by 1 bit 
through carry 







1 








' 


' 






- 




SWAP A 


(A4.7)-(Ao-3) 


Swap the 2 4 bit nibbles m the 
Accumulator 
















' 


' 










XRL A "data 


(Al • (A) XORdata 




1 







1 








1 














with Accumulator 


d7 


d6 


d5 


d4 


d3 


d2 d 


1 do 










XRL A Rr 


(A) • (Al XOR (Rr) 
for r = - 7 


Logical XOR contents of designated 


' 







' 


' 


' 












XRL A ® Rr 


(A) • (A) XOR ((Rrl) 


Logical XOR Indirect the contents of data 


1 







1 


















for r = - 1 






























NCH 1 


OJNZ Rr addr 


(Rr)«-(Rr)-T,r = 0-7 


Decrement the specified register and 


1 


1 


1 





1 
















If (Rr) ^0 


test contents 


97 


ae 


as 


34 


83 


32 a, 30 












(PC 0-7)^ addr 


























JBb addr 


(PC - 7) ^ addr if Bb = 1 


Jump to specified address if 


b2 


b1 


ho 


1 





















(PC)*- (PC) +2 if Bb = 


Accumulator bit iS set 


a? 


as 


as 


34 


33 


32 a 


t ao 










JCaddr 


(PC 0-7) -addr if C= 1 


Jump to specified address if carry 1139 


1 


, 


1 


1 





1 















(PC)- (PC) + 2 if C = 


IS set 


a? 


'6 


as 


84 


a3 


32 a 


t ao 










JFOaddr 


(PC0-7)-addrif F0= 1 


Jump to specified address i« Flag FO 1$ 


1 





, 


1 





1 















(PC)-(PC) + 2if FO = 




a? 


•6 


as 


a4 


a3 


32 a 


1 ao 










JF1 addr 


(PC - 7) .- «Jdf if F 1 = 1 


Jump to specified address if Flag F 1 is 





1 


1 


1 





, 


t 












(PC) • (PC) ♦ 2tf F1 '0 


set 


a? 


ae 


as 


,a4 


a3 


32 a 


1 ao 










JMPaddr 


(PC 8 -10) -addr 8 -10 


Direct Jump to specified address withm 


aio 


ag 


as 








1 















(PCO-7)-addrO-7 


the 2K address block 


»7 


*6 


as 


34 


a3 


32 a 


1 ao 












(PCri)-T5BF 


























JMPP*A 


(PC 0-7) -((A)) 


Jump indirect to specified address with 
with address page 


1 





' 


1 








1 1 










JNC4MMr 


(PC - 7) - addr .f C . . 


Jump to ipwified addrcM if carry flag it 


1 


1 


1 








1 


1 












(PC) - (PC> ♦ 2 if C ' 1 


low 


•7 


«6 


•5 


^ 


•3 


32 ai ao 










Mtf mktr 


(PC - 7) - addf if IBF = 




1 


1 





1 





1 


1 b 












(PC) - (PC) ♦ 2 If IBF • 1 


lull flag IS low 


"7 


•6 


•5 


M 


*3 


32 a, 30 










JOBf 


(PCO- 7) - addr If OBF • 1 


Jump to ipecif wd address if output 


1 














1 


1 












(PC) - (PC) ♦ 2 If OBF . 


buffer full flag is set 


•7 


•6 


•5 


•4 


•3 


« »1 ao 
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INSTRUCTION SET (CONT.) 


























1 










INSTRUCTION CODE 










FLAGS 


1 


MNEMONIC 


FUNCTION 




07 


D6 


05 


04 


03 


02 


Oi 


oo 


CYCLES 


BYTES 


C AC FO F1 I8F OBF 


ST4.7 1 




BRAN [m (CANT I 1 


JNTOaddr 


(PCO- 7) -addr if TO = 
(PC) -(PC) + 2 if TO = 1 


Jump to specified address if Test is IO¥v 



»7 



»6 


1 
as 




34 



a3 








80 




? 






JNT1 addr 


(PC -7) -addr if T1 =0 
(PC) -(PC) + 2 if T 1 = 1 


Ju(T>p to specified address .f Test 1 is low 





ae 



as 



a4 



a3 








80 




2 






JNZ addr 


(PCO- 7)-addr if A = 
(PC) - (PC) + 2 if A = 


Jump to specified address if accumulator 
IS non zero 


97 




ae 



•S 


1 
»4 



a3 








80 




2 






JTF addr 


(PC 0-7) -addnf TF = 1 
(PC) -(PC) + 2 if TF = 


Jump to specified address if Timer Flag 
IS set to 1 



»7 






as 


1 
»4 



a3 








80 




2 






JTO addr 


(PC -7) -addr If TO = 1 
(PC) - (PC) + 2 if TO = 


Jump to specified address if Test is a ». 



'7 




ae 


as 


1 
a4 



as 








80 




2 






JT1 addr 


(PC -7) -addr if T1 =1 
(PC) -(PC) + 2 if T1 =0 


Jump to specified address if Test 1 is a 1 




»7 


1 
ae 



as 


1 
a4 




83 







ao 




2 






JZ addr 


(PC - 7) - addr if A = 
(PC) -(PC) + 2 If A = 


Jump to specified address if Accumulator 
ISO 


1 
a? 


ae 



as 



84 




83 


82 





ao 




2 










CONTROL i 


EN 1 




Enable the External Interrupt input 
































OISI 




Disable the External Interrupt input 











1 




















SELRBO 
SELRB1 


(BS) - 
(BS) *- 1 


Select Bank llocatioru - 7) of Data 

Memory 

Salact Bank (locations 24 - 31 > of 

Data Mamory 


1 


1 








1 






















EN DMA 




Enable DMA Handshake 


1 


1 


1 


1 




















EN FLAGS 






1 


1 


1 



























DATA MOVES 


i 


MOV A, = data 


(A) - data 


the Accumulator 






de 


dS 



d4 



«13 




d2 


1 
<*1 


do 










MOV A, Rr 


(A)-(Rr),r = 7 


Move the contents of the designated 
registers into the Accumulator 




1 




1 


' 


' 


' 












MOV A. @> Rr 


(A) - KRr)) r - 1 


Move Indirect the contents of data 




' 




1 





















MOV A. PSW 


(A) • (PSW) 


Move contents of the Program Status 
Word into the Accumulator 




^ 










1 


1 












MOV Rr, « data 


(Rr) ► data, r = 7 


the designated register 






de 


dS 


1 

d4 


1 

d3 


d2 


di 


do 










MOVRr A 


(Rr)-(A),r = 7 


Move Accumulator Contents mto the 
designated register 












' 


' 














MOV«>Rr. A 


((Rr))- (A), r = 1 


Move Indirect Accumulator Contents 































MOV @ Rr, n data 


((Rr)) - data r = 1 


data memory 





16 


<*5 


d4 



d3 



d2 



di 


do 










MOV PSW, A 


(PSW) • (A) 


Move contents of Accumulator into the 
program status word 




1 




^ 





' 


1 












MOVP A, fiP A 


(PCO 7) -(A) 
(A) - ((PCI) 


Mo>'e data m the current page mto the 
Accumulator 


















' 












M0VP3 A ® A 


(PC 7) - (A) 
(PCS- 10) -Oil 

(A) - ((PC)) 


Move Program data m Page 3 into the 
Accumulator 




1 













' 












XCH A, Rr 


(A»;:(Rrl,fO- 7 


designated register's contents 












^ 


' 


' 












XCH A. • Rr 


(A) r((Rr)), r-0- 1 


Exchange Indirect contents of Accumu 































XCHOA.»Rr 


(AG- 3)::; ((Rr)tO- 3)). 
r«0- 1 


Exchange Indirect 4 bit contents of 
Accumulator and data memory 









1 





















CPLC 


(C) - NOT (C) 




±i^ 













■—— 


1 








• 




CPUFO 


(FOI - NOT (F0» 











1 





1 











• 




CPLF1 


(FI)-NOT(Fl) 











1 





1 











• 




CLRC 


(O- C 


Clear content of carry bit to 









1 





1 


1 








e 




CLRFO 


(FO) - 


Clear content of Flag to 0. 















1 















CLRF1 


IF1)-0 


Claar content of Flag 1 to 















1 











• 




MOV STS, A 


ST4-ST7^A4-A7 


Move filgh order 4 bits of Accum- 
ulator into status register bits 4-7 









1 
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INSTRUCTION SET (CONT.) 











INSTRUCTION CODE 




—\ — 




FLAGS 1 


1 


MMEMONIC 


FUNCTION 


DESCRIPTION 


07 06 


OS 


04 


D3 


02 


D1 


DO 1 CYCLES 


BYTES 


C AC FO F1 IBF OBf| 


ST4.7 1 


INPUT/OUTPUT 1 


ANL Pp. « data 


iPp)- (Ppl AND data' 


Logical and (mmediate specified data 


1 





1 


1 





p 


P 




2 








p-1 2 


with designated port (1 or 2) 


d7 d6 


dS 


d4 


d3 


d2 


dl 


do 










AHLD Pp. A 


(Pp) - (Pp) AND (A 3) 
p = 4 7 


Logical and contents of Accumulator 


1 





1 


' 


1 


P 


P 










IN A, Pp 


(A) - (Pp), p = 1 2 


Input data from designated port (1 or 2) 
into Accumulator 











1 





P 


P 










IN A, DBB 


(A) - (DBB) 


Input strobed DBB data into 
Accumulator and clear IBF 





' 











1 













MOVO A. Pp 


(AO-3)- (Pp) p = 4 - 7 
(A 4 7)-0 


Move contents of designated port (4 - 7) 











' 


1 


P 


P 










MOVO Pp. A 


(Pp) - A 3 p = 4 7 


Move contents of Accumulator to 
designated port (4-7) 





1 


1 


^ 


' 


" 


P 










ORLO Pp. A 


(Pp) «- (Pp) OR (A 3) 
p = 4 7 


Logical or contents of Accumulator with 
designated port (4-7) 


1 








' 


1 


p 


P 










OR L Pp. = data 


(Pp) - (Pp) OR data 


Logical or Immediate specified data with 


1 








1 





p 


p 












p - 1 2 


'designated port (1 or 2) 


d7 d6 


dS 


d4 


d3 


d2 


dl 


do 










OUT DBB. A 


(DBB) (A) 


Output contents of Accumulator onto 
DBB and set OBF. 

















^ 













OUTL Pp. A 


(Pp) • (A), p = 1 2 


Output contents of Accumulator to 
designated port (1 or 2) 





' 


1 


1 





P 


P 
















DEC Rr (Rr) 


(Rf)- (Rr) 1 r = 7 


Decrement by 1 contents of designated 


1 1 








' 


' 


' 




1 


' 






INCRr 


(Rr)- (Rr) +1 r = 7 


Increment by 1 contents of designated 








1 


1 


' 


' 




1 


1 






INC @ Rr 


((Rr)) ' ((Rr)) + 1 
r = 1 


Increment Indirect by 1 the contents of 
data memory location 








1 











' 


1 


1 










SUBROUTINE 1 


CALL addr 


((SP))- (PC). (PSW4 7) 


Call designated Subroutine 


aiO ag 


as 


1 





1 








2 


2 








(SP) • (SP) + 1 




»7 ae 


as 


34 


as 


32 


•"I 


ao 












(PCS 10)- addr 8 10 




























(PC 7) - addr 7 




























(PC ID- DBF 


























RET 


(SP) - (SP) 1 
(PC)- ((SP)) 


Return from Subroutine without 
restoring Program Status Word 


1 














1 


1 


2 


^ 






RETR 


(SP) • (SP) 1 
(PC) - ((SP)) 
(PSW4 7)- ((SP)) 


Return from Subroutine restoring 
Program Status Word 


1 





^ 








^ 


^ 


2 


' 










TIMER/COUNTER ] 


EN TCNTI 




Enable Internal interrupt Flag for 
Timer/Counter output 





' 








' 





' 










DIS TCNTI 




Disable Internal interrupt Flac for 
Tirrter/Counter output 


. 


' 


1 





1 





1 










MOVA. T 


(A)- (T) 


Move contents of Timer/Counter into 


1 














^ 













MOV T, A 


(T) - (A) 


Timer/Counter 


1 


1 











' 













STOP TCNT 




Stop Count for Event Counter 


1 


1 








1 





1 










STRT CNT 




Start Count for Event Counter 


1 











1 





1 










STRTT 




Start Count for Timer 


1 





1 





1 





1 














MISCELLANEOUS | 


NOP 




No Operation perfornned 1 

















° ' ' 1 



Notes (^ Instruction Code Designations r ano p form the binary representation of the Registers and Ports involved. 

(^ The dot uiKier the appropriate flag bit indicates that its content is subject to change by the instruction it 

Q) References to the address and data are specified in bytes 2 and or 1 of the instruction. 

Numerical Subscripts appearing in the FUNCTION column reference the specific bits affected. 



Symbol Definitions: 



SYMBOL 


DESCRIPTION 


A 


The Accumulator 


AC 


The Auxiliary Carry Flag 


addr 


Program Memory Address (12 bits) 


Bb 


Bit Designator (b = - 7) 


BS 


The Bank Switch 


BUS 


The BUS Port 


C 


Carry Flag 


CLK 


Clock Signal 


CNT 


Event Counter 


D 


Nibble Designator (4 bits) 


data 


Number or Expression (8 bits) 


DBF 


Memory Bank Flip-Flop 


FaFi 


Flags 0, 1 


1 


Interrupt 


P 


"In-Page" Operation Designator 


IBF 


Input Buffer Full Flag 



SYMBOL 


DESCRIPTION 


Pd 


Port Designator (p = 1, 2 or 4 - 7) 


PSW 


Program Status Word 


Rr 


Register Designator (r = 0, 1 or - 7) 


SP 


Stack Pointer 


T 


Timer 


TF 


Timer Flag 


T0.T1 


Testable Inputs 0, 1 


X 


External RAM 


# 


Prefix for Immediate Data 


@ 


Prefix for Indirect Address 


$ 


Program Counter's Current Value 


(x) 


Contents of External RAM Location 


((X)) 


by the Contents of External RAM Location. 


<- 


Replaced By 


OBF 


Output Buffer Full 


DBB 


Data Bus Buffer 



4-80 



;iPD8041 A/8741 A 



Package Outlines 

For information, see Paclcage Outline Section 7. 



Plastic, ^PD8041AC 

Ceramic, M.PD8041AD 

Cerdip, ^PD8741 AD, has quartz window 
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Notes 
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SEC 



|jlPD8048H/|jlPD8035HL 

FAMILY OF SINGLE CHIP 

8-BIT MICROCOMPUTERS 



Description 

The |jlPD8048H family of single chip 8-bit microcomputers is 
comprised of the fjLPD8048H and the |jlPD8035HL. The pro- 
cessors in this family differ only in their internal program 
memory options: The ^xPD8048H with 1K x 8 bytes of mask 
ROM and the |xPD8035HL with external memory 
Features 

D Fully Compatible with Industry Standard 8048/8748/8035 
n HMOS Silicon Gate Technology Requiring a Single 

+ 5V Supply 
n 2.5 [xs Cycle Time. All Instructions 1 or 2 Bytes 
n Interval Timer/Event Counter 
D 64 X 8 Byte RAM Data Memory 
□ External and Timer Interrupts 
n 96 Instructions: 70% Single Byte 
D 27 I/O Lines 
n internal Clock Generator 
D 8 Level Stack 

n Compatible with 8080A/8085A Peripherals 
n Available in Both Ceramic and Plastic 40 Pin Packages 

Functional Description 

The NEC |jlPD8048H and jjiPD8035HL are single compo- 
nent, 8-blt, parallel microprocessors using N-channel silicon 
gate MOS technology The |jlPD8048H family of components 
functions efficiently in control as well as in arithmetic applica- 
tions. Standard logic function implementation is facilitated by 
the large variety of branch and table look-up instructions. 
The fxPD8048H/8035HL instruction set is comprised of 1 
and 2 byte instructions with over 70% of them single-byte 
and requiring only 1 or 2 cycles per instruction with over 50% 
single-cycle. 

The jjlPD8048H series of microprocessors will function as 
stand alone microcomputers. Their functions can easily 
be expanded using standard 8080A/8085A peripherals 
and memories. 

The (xPD8048H contains the following functions usually found 
in external peripheral devices: 1024 x 8 bits of ROM program 
memory; 64 x 8 bits of RAM data memory; 27 I/O lines; an 
8-bit interval timer/event counter; oscillator and clock circuitry 
The jxPD8035HL is intended for applications using exter- 
nal program memory only It contains all the features of the 
^jlPD8048H except the 1024 x 8-bit internal ROM. The exter- 
nal program memory can be implemented using standard 
8080A/8085A memory products. 



Pin identification 


Pin 


£•■•<<>•■<«■< 


No. Symbol 


1 To 


Testable input using conditional transfer functions JTO and 
JNTO. The internal State Clock (CLK) is available to Tq using 
the ENTO CLK instruction. Tq can also be used during pro- 
gramming as a testable flag. 


2 XTAL 1 


One side of the crystal input for external oscillator or fre- 
quency (non-TTL compatible V|h). 


3 XTAL 2 


The other side of the crystal input. 


4 RESET 


Active low input for processor initialization. RESET is also 
(non-TTL compatible V,h). 





Pin 


m Function 


No. 


Symbol 




5 


SS 


Single Step input (active-low). SS together with ALE allows 
program memory. 


6 


INT 


Interrupt input (active-low). INT will start an interrupt if an 
enable interrupt instruction has been executed. A reset will 
disable the interrupt. INT can be tested by issuing a condi- 
tional jump instruction. 


7 


EA 


External Access input (active-high). A logic "1" at this input 
fetches from external memory. 


8 


RD 


READ strobe output (active-low). RD will pulse low when the 
processor performs a BUS READ. RD will also enable data 
onto the processor BUS from a peripheral device and function 
as a READ STROBE for external DATA MEMORY. 


9 


PSEN 


Program Store Enable output (active-low). PSEFTbecomes 
active only during an external memory fetch. 


10 


WR 


WRITE strobe output (active-low). WRwill pulse low when the 
WRITE STROBE for external DATA MEMORY. 


11 


ALE 


Address Latch Enable output (active-high). Occurring once 
each cycle, the falling edge of ALE latches the address for 

clock output. 



12-19 D0-D7BUS 



8-bit, bidirectional port. Synchronous reads and writes can be 
performed on this port using RD and WR strobes. The con- 
tents of the Do - D7 BUS can be latched in a static mode. 
During an external memory fetch, the Dq - D? BUS h olds the 
least significant bits of the program counter. PSEN controls 
the incoming addressed instruction. Also, for an external 
RAM data store instruction the Do - D7 BUS, controlled by 
ALE, RD, and WR, contains address and data information. 




20 




Vss 


Processor's GROUND potential. 


21- 
35- 


-24, 
38 


P20-P27: 
PORT 2 


Port 2 IS the second of two 8-bit quasi-bidirectional ports. 
For external data memory fetches, the four most significant 

P20 - P23 are also used as a 4-bit I/O bus for the |jlPD8243, 
INPUT/OUTPUT EXPANDER. 


25 




PROG 


PROG is used as an output strobe for the |j^PD8243. 


26 




Vdd 


Vqd must be set to +5V for normal operation. Vpo functions 
as the Low Power Standby input for the |xPD8048H. 


27- 


-34 


P10-P17: 
P0RT1 


Port 1 1S one of two 8-bit quasi-bidirectional ports. 


39 




T1 


Testable input using conditional transfer functions JT1 and 
JNT1. T1 can be made the counter/timer input using the STRT 
CNT instruction. 


40 




Vcc 


Primary Power Supply. Vcc '""^^ ^^ + ^V for operation of the 
|xPD8035H and |jiPD8048H. 



Pin Configuration 
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^oC 


1 


^-^ 


40 


=3vpp 


XTAL 1 C 


2 




39 


:i< 


XTAL 2 C 


3 




38 


3 P27 


RESET C 


4 




37 


I3p26 


ssc 


5 




36 


DP25 


Tntc 


6 




35 


3P24 


EAC 


7 




34 


3 P17 


RDC 


8 


|xPD 
8048H/ 


33 


3 PI6 


PSEN C 


9 


32 


3 P15 


WR C 


10 


8035HL 


31 


3P14 


ALEC 


11 




30 


DP13 


DBqC 


12 




29 


DP12 


DB C 


13 




28 


DP11 


Dsi^C 


14 




27 


3 P10 


DB3C 


15 




26 


=1^DD 


DB4C 


16 




25 


3 PROG 


DB5C 


17 




24 


3 P23 


DBgC 


18 




23 


3 P22 


DB^C 


19 




22 


PP21 


-ssC 


20 




21 


3 P20 



M.PD8048H/8035HL 

Block Diagram 



Power Supply 



jVoc 



Pec ^Vss 

+ 5V Ground 
Supply (Low Power 
Standby) 

Oscillator 
Frequency 



Port 2 Latch (Low 4) 

and Expander 

Port I/O 



Bus Buffer 
Port 2 



Port 2 
Latch 
(High 4) 



Event Counter 



Accumulator 
(8) 



Counter (4) 



Resident Program Memory 

ROM (^PD8048H only) 

1024 X 8 



Expansion to Additional 
External Memory and I/O 



Lower 
Program 
Counter 



8-Blt Internal Bus 



Temporary 
Register (8) 



Accumulator 
Latch 



Flags 



Arithmetic 
I Logic Unit 



(8) 



Bus Latch 

Low Program 

Counter's Temp 

Register 



Program 
Status 
Word 



Instruction 
Reglster/Decodet- 



RAM Address 
Register 



Adjust 



Conditional 
Branch 
Logic 



-TestO 

-Testi 

-INT 

-FlagO 

-Flagi 

-Timer Flag 

-Carry 

-Ace 

-Ace Bit Test 



INT RESET PROG 



I Initiali: 



Control and Timing 
XTAL XTAL 
EA 1 2 



PROM/Expander 
Strol)e 



CPU/Memory 
Separate 



Oscillator/ 
Crystal 



~1~ 

Address 



nr 



Bus 
Buffer 



Latch 
Porti 



Multiplexer 



Register 3 



Register 7 



8-Level Stack 
(Variable Word Length) 



Optional Second 
Register Bani( 



Resident Data Memory — RAM 
(64x8) 



Single 
Step 



Read Write 
Strobes 



Note: )xPD8035H does not include ROM. 
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DC Characteristics 

Ta = 0°Cto +70°C; Vcc = Vpp = +5V ± 10%; Vss = OV 





Symbol 




Limits 


Unit 




Parameter 


Min 


TVP 


Max 


Test Conditions 


Input Low Voltage (All 
Except XTALI.XTAL 2) 


V,L 


-05 




0.8 


V 




Input Low Voltage (RESET, 
XI, X2) 


V,L1 


-0.5 




0.8 


V 




Input High Voltage (All 
Except XTAL1,XTAL 2, 
RESET) 


V,H 


2.0 




Vcc 


V 




Input High Voltage (RESET, 
XTAL1,XTAL2) 


V,H1 


3.8 




Vcc 


V 




Output Low Voltage (BUS) 


Vol 






0.45 


V 


loL = 2.0 mA 


^^*^"^°' 


V0L1 






0.45 


V 


loL = 2.0 mA 


Output Low Voltage (PROG) 


V0L2 






0.45 


V 


loL = 2.0 mA 


Output Low Voltage (All 
Other Outputs) 


VoL3 






0.45 


V 


loL = 20mA 


Output High Voltage (BUS) 


VOH 


2.4 






V 


loH= -400 ^t A 


Output High Voltage (RD, 
WR, PSEN, ALE) 


VoH1 


2.4 






V 


l0H= -400 J.A 


Output High Voltage (All 
Other Outputs) 


V0H2 


2.4 






V 


loH=-40nA 


Input Leakage Cunent 
(Ti,INT) 


l|L 






±10 


P^A 


Vss^ViN^Vcc 


Input Lealcage Current 

(Pio-Pi7.P20-P27.EA,SS) 


l|L1 






-500 


^.A 


Vcc ^ V,N > Vss + 0-45V 


Output Leakage Current 
(BUS, To- High Impedance 
State) 


'OL 






±10 


^lA 


Vcc >V,N^ Vss + 0.45V 


Power Down Supply Current 


■dd 




4 


8 


mA 


Ta = 25°C 


Total Supply Current 


Idd + tec 




50 


80 


mA 


Ta = 25X 


RAM Standby Voltage 


Vdd 


2.2 




5.5 


V 


Standby Mode. 
Reset € 0.6V 



Absolute iUiaximum Ratings* 



Ta = 25°C 


Operating Temperature 


0°Cto+70°C 


Storage Temperature (Ceramic Package) 


-65°Cto +150°C 


Storage Temperature (Plastic Package) 


-65*Cto+150°C 


Voltage on Any Pin 


-0.5Vto+7V® 


Power Dissipation 


1.5 W 



Note: ® With respect to ground 

*COMMENT: Exposing the device to stresses above tliose 
listed in Absolute Maximum Ratings could cause permanent 
damage. The device is not meant to be operated under 
conditions outside the limits described in the operational 
sections of this specification. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 



AC Characteristics 

T, = OX to 70°C; Vqc = Vpp = 



^PD8048H/8035HL 



5V±10%;Vss = 0V 





Symbol 




Limits 


Unit 


f(tcY) and 
Test Conditions ® 




Min 


TVp Max 


ALE Pulse Width 


tuL 


410 




ns 


7/30 tcY -170 


Addr Setup to ALE 


tAL 


220 




ns 


2/15 tcY -110 


Addr Hold from ALE 


tLA 


120 




ns 


1/15 tcY -40 


Control Pulse Width 
(RD, WR) 


tcci 


1050 




ns 


1/2 tcY -200 


Control Pulse Width (PSEN) 


tcC2 


800 




ns 


2/5 tcY -200 


Data Setup WR 


tow 


880 




ns 


1 3/30 tcY -200 


Data Hold after WR 


two 


110 




ns 


1/15tcY-50® 


Data Hold (RD, PSElQ) 


toR 





220 


ns 


1/10 tcY -30 


RD to Data in 


tRD1 




800 


ns 


2/5 tcY -200 


PSEN to Data in 


tRD2 




550 


ns 


3/10tcY-200 


Addr Setup to WR 


tAW 


680 




ns 


1/3tcY-150 


Addr Setup to Data (RD) 


Udi 




1570 


nS 


11/15tcY -250 


Addr Setup to Data (PSEN) 


tAD2 




1090 


ns 


8/15tcY-250 


Addr Float to Sd, WD 


tAFC1 


290 




ns 


2/15 tcY -40 


Addr Float to PSEN 


tAFC2 


40 




ns 


1/30 tcY -40 


ALE to Control (RD,WR) 


*LAFC1 


420 




ns 


1/5tcY-75 


ALE to Control (PSEN) 


tLAFC2 


170 




ns 


1/10 tcY -75 


Control to ALE 
(RD, WR, PROG) 


tcA1 


120 




ns 


1/15 tcY -40 


Control to ALE (PSEN) 


tcA2 


620 




ns 


4/15tcY-40 


Port Control Setup to PROG 


tcP 


210 




ns 


1/10 tcY -40 


Port Control Hold to PROG 


tpc 


460 




ns 


4/15tcY-200 


PROG to P2 Input Valid 


tpR 




1300 


ns 


1 7/30 tcY -120 


Input Data Hold from PROG 


tpF 




250 


ns 


1/10 tcY 


Output Data Setup 


top 


850 




ns 


2/5tcY-150 


Output Data Hold 


tpD 


200 




ns 


1/10tcY-50 


PROG Pulse Width 


tpp 


1500 




ns 


7/10tcY-250 


Port 2 I/O Setup to ALE 


tpL 


460 




ns 


4/15tcY-200 


Port 2 I/O Hold to ALE 


tLP 


150 




ns 


1/10 tcY -100 


Port Output from ALE 


tpv 




850 


ns 


3/10 tcY +100 


Cycle Time 


tcY 


25 




piS 


6MHz 


TO Rep Rate 


toPRR 


500 




ns 


3/15 tcY 



® Control Outputs CL = SOpF 

BUS Outputs CL = 150pF 
® BUS High Impedance Load 20pF 



Logic Symbol 



Single 

Step 

External 

Memory 



Interrupt 
Bus 



— 




. 






-r- 






^ 




^iPD 
8048H 












, 














8 




k. 



Address Latch 
Enable 



Port Expander 
Strobe 
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|jlPD8048H/8035HL 

Timing Waveforms 

Instruction Fetch from External Memory 



1^ 






. 






iLu^ 






ALE_| 




1 1 






tAFC2 


k-tcC2-4*-tcA2J 


PSEN 


tLA 




H 


b**^ 


— 


_ Jto«U_ __ _ 


BUS Floating^ 


:^ X Floating y ^ )( Floating Y 


Address"^ 


-" t.D2 ^ 


Instruction 



Bead from External Data Memory 



ALE_J L 



|'*-tLAFC1->h— tcc1-*|-*^CA1*' 



1_ 



Address 



Floating^ 



" ^ Floating X Data X 



U -t^p ► 



Data X Floating 



Write to External Memory 

AL^_J 1 



1 I 



1_ 






Bus Floating )(> ^ Floating X Pata X Floating 



e 



Port 2 Timing 



Expander 



^ 



W PCH y "Port 2o.3 Data tf Port Control X Output Date <" 



Expander 
Port 



-r 



PCH ) ( Port 2o.3 Date j ( Port 



r)^ 



teX PortConhoiy " 

— *4*cp '•-tpc -»l 



X— V^ 



input Date 



BUS Output High Voltage vs. Source Current 



3mA 




Typ 

\ 




?mA 






Vcc = ^ 


1mA 












\ 





OV 2V 4V 



Port PI and P2 Output High Voltage vs. Source Current 



SOiiA 













Vcc = ^ 




Typ 








\ 



OV 2V 4V 



BUS Output Low Vbltage vs. Sink Current 











Typ 

f 

















OV IV 2V 

Vol 
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Instruction Set (for Symbol Definitions, see page 8.) 





Function 


Description 


D7 


«>6 


Instruction Code 
Ds 04 Da Da 


Di 


Do 


Cycles 


Bytes 


Flags 
C AC FO 


Accumulator 


ADD A, # data 


(A) ^ (A) + data 


Add Immediate the specified Data to the 
Accumulator. 





de 



ds 




d4 




da 



da 


1 
di 


do 


2 


2 




ADDA,Rr 


(A)«-(A) + (Rr) 
torr = 0-7 









1 





1 


r 












ADDA,@Rr 


(A)^(A) + ((Rr)) 
forr = 0-1 


Add Indirect the contents of the data mem- 
ory location to the Accumulator. 







1 





















ADDCA,#data 


(A)*-(A) + (C) + data 


data to the Accumulator. 





de 



ds 


d4 



da 



62 




do 








ADDCA,Rr 


(A)^(A) + (C) + (Rr) 
forr = 0-7 


Add with carry the contents of the desig- 
nated register to the Accumulator. 







1 




1 


r 












ADDCA,@Rr 


(A)-(A) + (C) + ((Rr)) 
forr = 0-1 


Add Indirect with carry the contents of data 







1 




















ANLA,#data 


(A) ^ (A) AND data 







de 



ds 


d4 



dg 



dz 




do 








ANLA,Rr 


(A)^(A)AND(Rr) 
forr = 0-7 


Logical AND contents of designated register 












1 


r 












ANLA,@Rr 


(A)*-(A)AND({Rr)) 
forr = 0-1 


Logical AND Indirect the contents of data 




























CPLA 


(A) ^ NOT (A) 


Complement the contents of the 
Accumulator. 







1 







1 












CLRA 


(A)-0 


CLEAR the contents of the Accumulator. 







1 







1 












DA A 




DECIMAL ADJUST the contents of the 
Accumulator. 















1 










• 


DEC A 


(A)^(A)-1 


DECREMENT by 1 the accumulator's 















1 












INC A 


{A)^(A) + 1 


Increment by 1 the accumulator's contents. 















1 












ORLA,#data 


(A)*- (A) OR data 


Logical OR specified immediate data with 
Accumulator. 



d7 


de 



ds 




d4 



da 



d2 




do 








ORLA,Rr 


(A)^(A)OR(Rr) 
forr = 0-7 















1 


•■ 












ORLA,@Rr 


(A)^(A)OR((Rr)) 
forr = 0-1 


Logical OR Indirect the contents of data 
memory location with Accumulator. 





























RLA 


(AN + 1)^(AN) 
(Ao)-(A7) 
forN = 0-6 


Rotate Accumulator left by 1 bit without 
carry. 


1 




1 








1 












RLCA 


(AN + 1)^(AN);N = 0-6 

(Ao)-(C) 

(C)-(A7) 


Rotate Accumulator left by 1 bit through 
carry. 


1 




1 


1 





1 










• 


RRA 


(AN)«-(AN + 1);N = 0-6 
(A7)-(Ao) 


Rotate Accumulator nght by 1 bit without 
can-y. 







1 


1 





1 












RRCA 


(AN)<-(AN + 1);N = 0-6 

(A7)-(C) 

(C)-(Ao) 


Rotate Accumulator right by 1 bit through 







1 








1 










• 


SWAP A 


(A4.7)-(Ao-3) 


Swap the two 4-bit nibbles in the 
















1 












XRLA,#data 


(A)^(A)XORdata 


Logical XOR specified immediate data with 


1 

d7 


de 



ds 


1 
d4 




da 



da 




do 








XRLA,Rr 


(A)*-(A)XOR(Rr) 
forr = 0-7 


Logical XOR contents of designated register 
with Accumulator. 


1 







1 


1 


r 












XRLA,@Rr 


(A)^(A)XOR((Rr)) 
forr = 0-1 


Logical XOR Indirect the contents of data 
memory location with Accumulator. 


1 







1 


















Branch 


DJNZRr,addr 


(Rr)^(Rr)-1;r = 0-7 
if(Rr) = 
(PC0-7)^addr 


Decrement the specified register and test 
contents. 


1 
a? 


1 
ae 


1 

as 


a4 


1 
83 


82 


r 

81 


r 
80 


2 


2 




JBbaddr 


(PC0-7)^addrlfBb = 1 
(PC)^(PC) + 2lfBb = 


bit Is set. 


b2 

a? 


bi 
ae 


bo 
as 


a4 




83 


82 


1 

81 




80 


2 


2 




JCaddr 


(PC0-7)^addrifC = 1 
(PC)^(PC) + 2ttC = 


set. 


1 
a7 


1 
ae 


1 
as 


34 



83 


82 


1 
81 




ao 


2 


2 




JFOaddr 


(PCO-7)«-addrifF0 = 1 
(PC)^(PC) + 2lfF0 = 


Jump to specified address if Flag FO is set. 


1 
a7 




ae 


1 
as 


84 




as 


82 


1 
81 




80 


2 


2 




JF1 addr 


(PC -7)^ addr If F1 =1 
(PC)^(PC) + 2ifF1=0 


Jump to specified address if Flag F1 is set. 




87 


1 
ae 


1 
as 


84 



83 


82 


1 
81 




80 


2 


2 




JMPaddr 


(PC 8 -10)^ addr 8 -10 

(PC0-7)^addr0-7 

(PCII)^DBF 


the 2K address block. 


aio 
a7 


ag 
ae 


as 
as 


84 



83 


82 




81 




80 


2 


2 




JMPP@A 


(PC 0-7)*- ((A)) 


Jump indirect to specified address with 
address page. 


1 





1 









1 


1 


2 


1 




JNCaddr 


(PC0-7)*-addrifC = 
(PC)^(PC) + 2lfC = 1 


Jump to specified address if carry flag is 
low. 


1 

37 


1 
ae 


1 
as 




84 



83 


82 


1 

81 




80 


2 


2 




JNIaddr 


(PC0-7)*-addrlfl = 
(PC)^(PC) + 2ifl = 1 




1 

a7 




ae 



as 



84 




83 


82 


1 

81 




80 


2 


2 
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Instruction Set (Cont.) 
































i>7 


i>6 


Ds i>4 i>3 02 


Di 


Do 


Cycles 


Flags 
Bytes AC FO F1 


Branch (Cont.) 


JNTOaddr 


(PCO-7)^addrlfTO = 
(PC)*-(PC) + 2ifT0 = 1 


Jump to Specified address if Test is low. 




87 


ae 


1 

as 




a4 



as 


aa 


1 

ai 




ao 


2 


2 




JNTIaddr 


(PC0-7)*-addrlfT1 =0 
(PC)^{PC) + 2ifT1 =1 






a/ 


ae 


as 



a4 




as 


82 


1 
ai 




ao 


2 


2 




JNZaddr 


(PC0-7)^addrifA = 
(PC)«-(PC) + 2ifA = 


Jump to specified address if accumulator 
is non-zero. 


1 


ae 


as 


84 



as 


32 


1 
ai 




ao 


2 


2 




JTFaddr 


(PC0-7)^addrlfTF = 1 
(PC)«-(PC) + 2lfTF = 


Jump to specified address if Timer Flag is 
settol. 




ay 


ae 


as 


a4 




aa 


82 


1 

ai 




ao 


2 


2 




JTOaddr 


(PC0-7)^addrlfT0 = 1 
(PC) f- (PC) + 2 If TO = 


Jump to specified address if Tsst is a 1 . 




a? 


ae 


as 


a4 



as 


82 


1 

ai 




ao 


2 


2 




JTIaddr 


(PC0-7)^addrlfT1 = 1 
(PC)^(PC) + 2lfT1 =0 






a? 


ae 


as 


a4 



as 


82 


1 

ai 




ao 


2 


2 




JZaddr 


(PC0-7)^addrifA = 
(PC)^(PC) + 2lfA = 


isO. 


1 
a? 


ae 


as 


a4 




33 


82 


1 
ai 




ao 


2 


2 




Control 


ENI 





















1 





1 


1 


1 




DISI 




Disable the External Inten-upt input. 











1 





1 





1 


1 


1 




ENTOCLK 




Enable the Clock Output pin TO. 





1 


1 


1 





1 





1 


1 


1 




SELMBO 


(DBF)<-0 


Select Bank (locations - 2047) of 
Program Memory. 


1 


1 


1 








1 





1 


1 


1 




SELMB1 


(DBF)^1 


Select Bank 1 (locations 2048 - 4095) of 
Program Memory. 


1 


1 


1 


1 





1 





1 


1 


1 




SELRBO 


(BS)^0 


Select Bank (locations - 7) of Data 
Memory. 


1 


1 











1 





1 


1 


1 




SEL RBI 


(BS)^1 


Select Bank 1 (locations 24-31)of Data 
Memory. 


1 


1 





1 





1 





1 


1 


1 




Data Moves 


MOVA,#data 


(A)*- data 






d7 


de 


ds 



d4 



da 



da 


1 

di 


do 


2 


2 




MOVA,Rr 


(A)^(Rr);r = 0-7 










1 


1 


r 


r 




1 






MOVA,@Rr 


(A)-((Rr));r = 0-1 


Move Indirect the Contents of data memory 
location into the Accumulator. 








1 













1 






MOVA,PSW 


(A)^(PSW) 


Move contents of the Program Status Wbrd 
into the Accumulator. 
















1 




1 






MOVRr,#data 


(Rr)^data;r = 0-7 




d7 


de 


ds 


1 

d4 


1 

da 


d2 


r 
di 


do 


2 






MOVRr,A 


(Rr)^(A);r = 0-7 


nated register. 











1 




r 




1 






MOV @ Rr, A 


((Rr))^(A);r = 0-1 


data memory location. 





















1 






MOV@Rr,#data 


((Rr))<-data;r = 0-1 




d7 


de 


ds 


1 

d4 



ds 


d2 




di 


do 


2 






MOVPSW.A 


(PSW)«-(A) 


Move contents of Accumulator into the pro- 
gram status word. 








1 






1 




1 






MOVPA,@A 


(PC0-7)«-(A) 
(A)^((PC)) 


Move data in the current page into the 
Accumulator. 















1 




2 






M0VP3A,@A 


(PC 0-7) ^(A) 
(PC 8- 10) «- Oil 
(A)^((PC)) 


Move Program data in Page 3 into the 
Accumulator. 















1 




2 






MOVXA^@R 


(A)^((Rr));r = 0-1 


Move Indirect the contents of external data 
memory into the Accumulator. 




















2 






MOVX@R,A 


((Rr))«-(A);r = 0-1 


Move Indirect the contents of the Accumula- 
tor into external data memory. 









1 











2 






XCHA,Rr 


(A)^((Rr));r = 0-7 


Exchange the Accumulator and designated 
register^ contents. 

















r 




1 






XCHA,@Rr 


(A)«:±((Rr));r = 0-1 


and location in data memory 























1 






XCHDA,@Rr 


(A0-3)t^((Rr)(0-3)); 
r = 0-1 


Exchange Indirect 4-b-|t contents of 










1 













1 






Flags 


CPLC 


(C)«-NOT(C) 


Complement Content of carry bit. 







1 










1 










CPLFO 


(F0)*-NOT(F0) 


Complement Content of Flag FO. 










1 


















CPLF1 


(F1)<-N0T(F1) 









1 


1 


















CLRC 


(C)<-0 


Clear content of carry bit to 0. 










1 







1 










CLRFO 


(FO)-O 


Clear content of Flag too. 





























CLRF1 


(F1)^0 


Clear content of Flag 1 to 0. 







1 






















4-88 



M.PD8048H/8035HL 



Instruction Set (Cont.) 





Function 




D7 


Ds 


instruction Code 
Ds D4 D3 D, 


Di 


Oo 


Cycles 


Fiags 
Bytes C AC FO F1 


Input/Output 


ANL BUS, # data 


(BUS) ^ (BUS) AND data 


Logical AND Immediate specified data with 
contents of BUS. 


1 






ds 


1 

d* 


d3 


d2 


di 




do 


2 


2 




ANLPp,#data 


(Pp)*-(Pp) AND data 
p = 1-2 


Logical AND Immediate specified data with 


1 
d7 



de 



ds 


1 
d4 


d3 


d2 


di 


P 
do 


2 


2 




ANLDPrA 


(Pp)^(Pp)AND(A0-3) 
p = 4-7 


Logical AND contents of Accumulator with 


1 








1 










2 


1 




INA,Pp 


(A)^(Pp);p = 1-2 


Accumulator. 






















2 


1 




INS A, BUS 


(A)«-(BUS) 
























2 


1 




MOVDA,Pp 


(A0-3)*-(Pp);p = 4-7 
(A4-7)^-0 


into Accumulator. 






















2 


1 




MOVO Pp, A 


(Pp)^A0 = 3;p = 4-7 










1 


1 










2 


1 




ORL BUS, # data 


(BUS) ^ (BUS) OR data 


Logical OR Immediate specified data with 
contents of BUS. 


1 

d7 




de 



ds 



d4 


d3 


d2 


di 


do 


2 


2 




ORLDPpA 


(Pp)^(Pp)OR(A0-3) 
p = 4-7 


Logical OR contents of Accumulator with 


1 



















2 


1 




ORLPp,#data 


(Pp)^(Pp)ORdata 
p = 1-2 


Logical OR Immediate specified data with 


1 




de 



ds 



d4 


da 


da 


d, 


do 


2 


2 




OUTL BUS, A (D 


(BUS)-^(A) 
























2 


1 




OUTLPp,A 


(Pp)*-(A);p = 1-2 


designated port (1-2). 








1 


1 










2 


1 




Registers 


DECRr (Rr) 


(Rr)^(Rr) + 1;r = 0-7 


register. 


1 


1 








1 


r 


r 


r 


1 


1 




INCRr 


(Rr)<-(Rr) + 1;r = 0-7 


register. 











1 


1 


r 


r 


r 


1 


1 




INC@Rr 


((Rr))^((Rr)) + 1; 
r = 0-1 


Increment Indirect by 1 the contents of data 
memory location. 











1 











r 


1 


1 




Subroutine 



((SP))^(PC),(PSW4-7) 
(SP)^(SP) + 1 
(PC8-10)«-addr8-10 
(PC0-7)«-addr0-7 
(PC 11)^ DBF 



Call designated Subroutine. 



aio 
ay 



Notes: ® Instruction Code Designations r and p form the binary representation of the Registers and Ports involved 

CD The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in 

® References to the address and data are specified in bytes 2 and/or 1 of the instruction 

® Numerical Subscnpts appeanng in the FUNCTION column reference the specific bits affected 

® When the Bus is written to, with an OUTL instruction, the Bus remains an Output Port until either device is reset or a MOVX instruction is executed 




RET 


(SP)-(SP) = 
(PC)*-((SP)) 


1 


Return from Subroutine without restoring 
Program Status Word- 


1 

















1 


1 


2 


1 




(SP)-(SP) = 
(PC)*-((SP)) 
(PSW4-7)*- 


1 
((SP)) 


Status Word. 


1 








1 








1 


1 


2 


1 


Timer/Counter 


ENTCNT1 






Enable Internal inten-upt Flag for Timer/ 
Counter output. 








1 








1 





1 






DISTCNTI 






Disable Internal interrupt Flag for Timer/ 
Counter output. 








1 


1 





1 





1 






MOVA,T 


(A)-(T) 




Move contents of Timer/Counter mto 
Accumulator. 





1 














1 









MOVT,A 


(T)^(A) 




Move contents of Accumulator into Timer/ 
Counter. 





1 


1 











1 









STOPTCNT 






Stop Count for Event Counter. 





1 


1 








1 





1 






STRTCNT 






Start Count for Event Counter. 





1 











1 





1 






STRTT 






Start Count for Timer. 





1 





1 





1 





1 






■Miscellaneous 


NOP 






No Operation performed. 


























1 


1 
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Symbol Definitions 



Symbol 


Description 


A 


The Accumulator 


AC 


The Auxiliary Carry Flag 


addr 




Bb 


BitDesignator(b = 0-7) 


BS 


The Bank Switch 


BUS 


The BUS Port 


c 


Carry Flag 


CLK 


Clock Signal 


CNT 


Event Counter 


D 


Nibble Designator (4 bits) 


data 


Number of Expression (8 bits) 


DBF 


Memory Bank Fhp-Flop 


Fo.Fi 


Flags 0, 1 


1 Interrupt 


P 


"In-Page" Operation Designator 


Pp 


Port Designator (p =^ 1, 2 or 4 -, 7) 


PSW 


Program Status Word 


Rr 


Register Designator (r = 0, 1 or - 7) 


SP 


Stack Pointer 


T* 


Timer 


TF 


Timer Flag 


To,T, 


Testable Flags 0, 1 


X 


External RAM 


= 


Prefix for Immediate Data 


© 


Prefix for Indirect Address 


$ 


Program Counter's Current Value 


(X) 


Contents of External RAM Location 


((X)) 


Contents of Memory Location Addressed 
by the Contents of External RAM Location 


-*— 


Replaced By 



Package Outlines 

For information, see Pacicage Outline Section 7. 

Plastic, fjiPD8048HC/35HLC 
Ceramic, ^PD8048HD/35HLD 



8048H/8035HLDS-REV3-7-83-CAT-L 
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yaPD8048 FAMILY OF SINGLE CHIP 
8-BIT MICROCOMPUTERS 

DESCRIPTION The |xPD8748 is a member of the fjLPD8048 family of single-bit 8-chip microcomputers. 
It differs from the jjlPD8048H/8035HL in that it contains 2K of on-board EPROM rather 
than math programmable ROM. The jjlPD8748 uses N-channel MOS technology. Refer 
to the |xPD8048H/8035HL data sheet for additional information. 



FEATURES 



Fully Compatible With Industry Standard 8048/8748/8035 

NMOS Silicon Gate Technology Requiring a Single +5V Supply 

2.5ius Cycle Time. All Instruction 1 or 2 Bytes 

Interval Timer/Event Counter 

64 X 8 Byte RAM Data Memory 

Single Level Interrupt 

96 Instructions: 70% Single Byte 

27 I/O Lines 

Internal Clock Generator 

8 Level Stack 

Compatible With 8080A/8085A Peripherals 

Available in Both Ceramic and Plastic 40 Pin Packages 




PIN CONFIGURATION 



XTAL 1 d 


1 
2 




40 
39 


3vcc(+5) 


XTAL 2 C 


3 
4 




38 
37 


3P27 


RESET C 


Dp26 


ssc 


5 




36 


D P25 


INT C 


6 




35 


J P24 


EAq 


7 




34 


3 P17 


rdC 

PSEN C 


8 
9 


juPD 
8748 


33 
32 


3 PI6 

3 P15 


WR C 
ALE C 


10 
11 


31 
30 


2 P14 

3 P13 


DBqC 


12 




29 


3 P12 


DB^ C 


13 




28 


3 PI1 


DB2C 


14 




27 


3 P10 


DB3C 
DB^C 


15 
16 




26 
25 


3 PROG 


DBgC 


17 




24 


3 P23 


DBgC 


18 




23 


3 P22 


DB C 


19 




22 


3 P21 


^'ssC 


20 




21 


3 P20 



Rev/2 
4-91 



|iPD8748 



The NEC |jiPD8748 is a single component, 8-bit, parallel microprocessor using N- FUNCTIONAL 
channel silicon gate MOS technology. The 8748 efficiently functions in control as DESCRIPTION 
well as arithmetic applications. The flexibility of the instruction set allows for the 
direct set and reset of individual data bits within the accumulator and the I/O port 
structure. Standard logic function implementation is facilitated by the large variety 
of branch and table look-up instructions. 

The jji,PD8748 instruction set is comprised of 1 and 2 byte instructions with over 70% 
single-byte and requiring only 1 or 2 cycles per instruction with over 50% single- 
cycle. 

The |xPD8748 series of microprocessors will function as stand alone microcompu- 
ters. Their functions can easily be expanded using standard 8080A/8085A peripher- 
als and memories. 

The |xPD8748 contains the following functions usually found in external peripheral 
devices: 1024 x 8 bits of ROM program memory; 64 x 8 bits of RAM data memory; 
27 I/O lines; an 8-bit interval timer/event counter; oscillator and clock circuitry. 

The iuPD8748 differs from the iuPD8048 only in its 1024 x 8-bit UV erasable 
EPROM program memory instead of the 1024 x 8-bit ROM memory. It is useful in 
preproduction or prototype applications where the software design has not yet been 
finalized or in system designs whose quantities do not require a mask ROM. 



BLOCK DIAGRAM 



ACCUMULATOR H 



iP 



rx 



PROM/EXPANDER 



OSCILLATOR/ AOORESS PROGRAM S 
STROBE/ ENABLE 



TTT 



£3 
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PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


1 


To 


Testable input using conditional transfer functions JTO and 
JNTO The internal State Clock (CLK) is available to Tq 
using the ENTO CLK instruction Tq can also be used 
during programming as a testable flag 


2 


XTAL1 


One side of the crystal input for external oscillator or 
frequency (non TTL compatible Vj^). 


3, 


XTAL2 


The other side of the crystal input 


4 


RESET 


Active low input for processor initialization. RESET is 
also used for PROM programming verification and power- 
down (non TTL compatible V,^). 


5 


SS 


Single Step input (active-low) SS together with ALE allows 
the processor to "single-step" through each instruction in 
program memory 


6 


INT 


Interrupt input (active-low) INT will start an interrupt if 
an enable interrupt instruction has been executed. A reset 
will disable the interrupt INT can be tested by issuing a 
conditional jump instruction. 


7 


EA 


External Access input (active-high) A logic "1" at this 
input commands the processor to perform all program 
memory fetches from external memory. 


8 


RD 


READ strobe output (active-low). RDj^mJI pulse low when 
the processor performs a BUS READ. RD will also enable 
data onto the processor BUS from a peripheral device and 
function as a READ STROBE for external DATA MEMORY. 


9 


PSEN 


Program Store Enable output (active-low). PSEN becomes 
active only during an external memory fetch 


10 


WR 


WRITE strobe output (active-low). WR will pulse low when 
the processor performs a BUS WRITE. WR can also function 
as a WRITE STROBE for external DATA MEMORY. 


11 


ALE 


Address Latch Enable output (active high). Occurring once 
each cycle, the falling edge of ALE latches the address for 
external memory or peripherals ALE can also be used as 
a clock output. 


12- 19 


Do- D7 BUS 


8-bit, bidirectional port. Synchronous reads and writes can 
be performed on this port using RD and WR strobes. The 
contents of the Dq - D7 BUS can be latched m a static 
mode. 

During an external memory fetch, the Dn - D7 BUS holds 
the least significant bits of the program counter. PSEN 
controls the incoming addressed instruction. Also, for an 
external RAM data store instruction the Dq - D7 BUS, 
controlled by ALE, RD and WR, contains address and data 
information. 


20 


vss 


Processor's GROUND potential 


21 - 24. 
35-38 


P20 - P27 
PORT 2 


Port 2 is the second of two 8-bit quasi-bidirectional ports. 
For external data memory fetches, the four most significant 
bits of the program counter are contained in P20 ~ P23- ^'^s 
P20 - P23 SI'S a'so used as a 4-bit I/O bus for the mPD8243, 
INPUT/OUTPUT EXPANDER. 


25 


PROG 


Program Pulse. A +25V pulse applied to this input is used 
for programming the mPD8748. PROG is also used as an out- 
put strobe for the iuPD8243. 


26 


Vdd 


Programming Power Supply. Vdd "^"st be set to +25V for 
programming the mPD8748, and to +5V for the ROM and 
PROM versions for normal operation. VqD functions as the 
Low Power Standby input for the mPD8048. 


27-34 


P1O-P17 
PORT 1 


Port 1 is one of two 8-bit quasi-bidirectional ports. 


39 


T1 


Testable input using conditional transfer functions JT1 and 
JNTl. T1 can be made the counter/timer input using the 
STRT CNT instruction. 


40 


vcc 


Primary Power Supply. Vcc "^^st be +5V for programming 
and operation of the mPD8748, and for operation of the 
MPD8035L and mPD8048. 
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Operating Temperature C to +70 C 

Storage Temperature (Ceramic Package) -65°Cto+150 C 

Storage Temperature (Plastic Package) -65°C to +150°C 

Voltage on Any Pin - 0.5 to +7 Volts ® 

Power Dissipation 1.5 W 



ABSOLUTE MAXIMUM 
RATINGS* 



Note: ® With respect to ground. 



Ta = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

Tg = -0°C to +70''C, Vcc = VdD = +5V ± 10%, Vss = OV 



DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIOJMS 


MIN 


TYP 


MAX 


Input Low Voltage 

(All Except XTAL 1, XTAL 2) 


VIL 


-0.5 




0.8 


V 




Input High Voltage 

(All Except XTAL 1, XTAL 2, RESET) 


V|H 


2.0 




Vcc 


V 




Input High Voltage 
(RESET, XTAL 1, XTAL 2) 


V|H1 


38 




Vcc 


V 




Output Low Voltage (BUS) 


VOL 






45 


V 


IOL = 2 0mA 


Output Low Voltage (RD,WR, 
PSEN.ALE) 


VOLI 






45 


V 


IQL = 1.8 mA 


Output Low Voltage (PROG) 


V0L2 






0.45 


V 


l0L= 10 mA 


Output Low Voltage 
(All Other Outputs) 


Vols 






45 


V 


Iql = 1 6mA 


Output High Voltage (BUS) 


VOH 


2.4 






V 


'oh = -400 mA 


Output High Voltage (RD, WR, 
PSEN.ALE) 


VOHI 


2.4 






V 


'oh = -100mA 


Output High Voltage 
(All Other Outputs} 


V0H2 


2.4 






V 


Iqh = -40 juA 


Input Leakage Current 
(Ti,INT) 


"LI 






±10 


mA 


Vss < V|N < Vcc 


Input Leakage Current 
<PlO-Pl7,P20-P27,EA,SS) 


'lii 






-500 


HA 


VCC> V|N> Vss + 45V 


Output Leakage Current 

(BUS, To - High Impedance State) 


lOL 






±10 


mA 


VCC> V|N> Vss + 45V 


Power Down Supply Current 


•do 




7 


15 


mA 


Ta = 25°C 


Total Supply Current 


'dd + 'cc 




60 


135 


mA 


Ta = 25°C 


Ta = 25°C ± 5°C, Vqc = +5V ± 10%, Vqd = +25V ± 1 V 


PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Vdd Program Voltage High-Levei 


vdoh 


24.0 




26 


V 




Vdd Voltage Low-Level 


vddl 


4.75 




5.25 


V 




PROG Voltage High-Level 


VPH 


21 5 




24.5 


V 




PROG Voltage Lovv-Level 


VPL 






02 


V 




EA Program or Verify Voltage High-Level 


veah 


21.5 




24 5 


V 




EA Voltage Low-Level 


Veal 






5.25 


V 




Vdd ^*9^ Voltage Supply Current 


IDD 






30.0 


mA 




PROG High Voltage Supply Current 


•prog 






16.0 


mA 




EA High Voltage Supply Current 


iea 






1 


mA 





DC CHARACTERISTICS 
PROGRAMMING THE 
MPD8748 
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/iPD8748 



AC CHARACTERISTICS 



READ, WRITE AND INSTRUCTION FETCH - EXTERNAL 
DATA AND PROGRAM MEMORY 

= 0°C to +70" C, Vcc - Vqd = +5V + 10%, Vss = OV 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST ® 
CONDITIONS 


MIN 


TYP 


MAX 


ALE Pulse Width 


tLL 


400 






ns 




Address Setup before ALE 


tAL 


120 






ns 




Address Hold from ALE 


tLA 


80 






ns 




Control Pulse Width (PSEN, RD.WR) 


tec 


700 






ns 




Data Setup before WR 


^DW 


500 






ns 




Data Hold after WR 


tWD 


120 






ns 


Cl= 20 pF 


Cycle Time 


tCY 


25 




150 


MS 


6 MHz XTAL 


Data Hold 


tDR 







200 


ns 




PSEN, RD to Data In 


tRD 






500 


ns 




Address Setup before WR 


tAW 


230 






ns 




Address Setup before Data In 


tAD 






950 


ns 




Address Float to RD, PSEN 


tAFC 









ns 




Control Pulse to ALE 


tCA 


10 






ns 





Notes ® For Control Outputs C|_ = 80 pF 
For Bus Outputs CL=150pF 
tCY =- 2 5 MS 

PORT 2 TIMING 
Ta = 0°C to +70° C; Vcc = +5V ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Port Control Setup oefore Falling 
Edge of PROG 


tCP 


110 






ns 




Port Control Hold after Falling 
Edge of PROG 


tpc 


100 






ns 




PROG to Time P2 Input must be 
Valid 


tPR 






810 


ns 




Output Data Setup Time 


top 


250 






ns 




Output Data Hold Time 


tPD 


65 






•ns 




Input Data Hold Time 


tPF 







150 


ns 




PROG Pulse Width 


tpp 


1200 






ns 




Port 2 I/O Data Setup 


tPL 


350 






ns 




Port 2 I/O Data Hold 


tLP 


150 






ns 




PROGRAMMING SPECIFICATIONS -MPD8748 

Tg = 25° C ± 5°C; Vcc = +5V ± 10%; Vdd = +25V ± IV 


PARAMETER 




LIMITS 1 


UNIT 


TEST 
CONDITIONS 




MIN 


TYP 


MAX 


Address Setup Time before RESET t 


tAW 


4tCY 










Address Hold Time after RESET t 


tWA 


4tcY 










Data In Setup Tim% before PROG t 


tDW 


4tcY 










Data In Hold Time after PROG i 


tWD 


'4tcY 










RESET Hold Time to VERIFY 


tPH 


4tcY 










Vdd 


tVDDW 


4tcY 










Vdd Hold Time after PROG i 


tVDDH 













Program Pulse Width 


*tPW 


50 




60 


ms 




Test Setup Time before Program 
Mode 


tTW 


4tCY 










Test Hold Time after Program 
Mode 


tWT 


4tCY 










Test to Data Out Delay 


too 






4tCY 






RESET Pulse Width to Latch 
Address 


tww 


4tcY 










Vdd and PROG Rise and Fall Times 


tr,tf 


0.5 




2.0 


u& 




Processor Operation Cycle Time 


tCY 


5.0 






flS 




RESET Setup Time before EA t 


tRE 


4tCY 
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MPD8748 



TIMING WAVEFORMS 



1_ 



m- tDR L*— 



-A 



ih 



Instruction 



INSTRUCTION FETCH FROM EXTERNAL MEMORY 



RD 



_J 



—J UFC -*— 



tCA 



1_ 



t- 



FLOATING^^ADDRESsS^ FLOATING ^^ DATA ^^ FLOATING 



-^AD- 



READ FROM EXTERNAL DATA MEMORY 



_! L 



FLOATING^^DDRESS^^ FLOATING yC DATA yC FLOATING 



tow 



tCA- 



!_ 



»WD 



_tAW- 



WRITE TO EXTERNAL MEMORY 
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fiPD8748 



TIMING WAVEFORMS 
(CONT.) 



"V 



>ZEEEHZ>C3iEE3<: 



>: 



"Y 



><: 



EEX 



:>c: 



y/ INPUl OAIA j/^ 



PORT 2 TIMING 



TL 



J^ 



y 



\. ^X ADDRESS X/ DATA TO BE \ /^ \/ DATA N. y^NEXT AOORESsNV^ 

y--" ^ "^^' VALID ^PROGRAMMED VAUD^ ^—; ^ ^ VAUD ^ V VAU° ^ 



•"ZO-Pl ADDRESS 



X 



'■\_ 



-z^-L 



"V 



y 



ADDRESS 18-91 VALID 



•WD I 



l.L_ 



.^ 



x: 



PROGRAM/VERIFY TIMING 
(MPD8748 ONLY) 



\ / \ 


/ \ 


y- - "K <ft7>^Auo X ° VA* m ^ y- \ 


NEXT "V/" NEXT DATA X_ _ ^ _ 

ADDRESS y\ OUT VALID /^ 






X X 



VERIFY MODE TIMING 
(MPD8048/8748 ONLY) 



Notes: 

Conditlons;_CS TTL Logic "1"; Ao TIL Logic "0" must be met. (Use 10K resistor to 

Vcc for CS, and 10K resistor to Vss tc Ao) 
(§) tCY SfiS can be achieved using a 3 MHz frequency source (LC, XTAL or external) at the 

XTAL 1 and XTAL 2 inputs. 
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INSTRUCTION SET 







1 




INSTRUCTION CODE 






1 FLAGS 1 


MNEMONIC 


FUNCTION j 


DESCRIPTION 1 D7 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 1 CYCLES 


BYTES 1 C AC FO F1 1 






ACCUMULATOR | 


ADD A, # data 


(A) -(A) +data 


Add Immediate the specified Data to the 
Accumulator 



d7 



d6 



d5 



d4 



d3 



d2 


1 
dl 


do 


2 


2 




ADD A. Rr 


(AI-(A) + (Rr) 
for r = - 7 


Add contents of designated register to 
the Accumulator 





1 


1 





1 


' 


' 










ADD A, @Rr 


(A)-<A) + ((Rr)) 
for r = - 1 


Add Indirect the contents the data 
memory location to the Accumulator 





1 


1 






















ADDCA, «data 


(A) - (A) + (C) + data 


Add Immediate with carry the specified 
data to the Accumulator 



d? 



d6 



d5 


1 
d4 



d3 



d2 


1 
dl 


do 








ADDC A, Rr 


(A)- (A) + (C) + (Rr) 
for r = ~ 7 


Add with carry the contents of the 
designated register to the Accumulator 





1 


1 


1 


1 


' 


' 










ADDC A, @ Rr 


(A) -(A) + (C) + {(Rr)) 
for r = ~ 1 


Add Indirect with carry the contents of 
data memory location to the 
Accumulator 





1 


1 


^ 



















AN LA, =data 


(A) -(A) AND data 


Logical and specified Immediate Data 
with Accumulator 





1 
d6 



d5 


1 
d4 




d3 




d2 


1 
dl 


do 








ANLA.Rr 


(A) -(A) AND{Rr) 
for r = - 7 


Logical and contents of designated 
register with Accumulator 





1 





1 


1 


' 


' 










ANL A, @Rr 


(A) - (A) AND((Rr)) 
for r = 1 


Logical and Indirect the contents of data 
memory with Accumulator 





1 





' 



















CPLA 


(A) -NOT (A) 


Complement the contents of the 
Accumulator 








1 


1 





1 


1 










CLR A 


{A)-0 


CLEAR the contents of the Accumulator 








1 








1 


1 










DA A 




DECIMAL ADJUST the contents of the 
Accumulator 





1 





1 





1 


1 








• 


DEC A 


(A) • (A) 1 


DECREMENT by 1 the accumulator's 
contents 

















1 


1 










INC A 


(A) - (A) + 1 


Increment by 1 the accumulator's 
contents 











' 





1 


1 










OR LA, =data 


(A) - (A) OR data 


Logical OR specified immediate data 
with Accumulator 



d7 


1 

d6 



d5 



d4 



d3 



d2 


1 
dl 


do 








ORL A, Rr 


(A) -(A) OR (Rr) 
for r = - 7 


Logical OR contents of designated 
register with Accumulator 





1 








1 


' 


' 






1 




ORL A, @Rr 


(A)-(A)OR((Rr)) 
for r = - 1 


Logical OR Indirect the contents of data 
memory location with Accumulator 





1 





















1 




RL A 


(AN + 1) >- (AN) 

(Aq) - (A7) 

f or N = - 6 


Rotate Accumulator left by 1 bit withogt 
carry 


1 


1 


1 








1 


1 










RLC A 


(AN +1)- (AN),N =0-6 
(Aq) - (C) 
(C) - (A7) 


Rotate Accumulator left by 1-bit through 
carry 


1 


1 


1 


1 





1 


1 








• 


RR A 


(AN)-(AN+ 1);N = 0-6 
(A7) - (Aq) 


Rotate Accumulator right by 1-bit 
without carry 





1 


' 


1 





' 


1 










RRC A 
SWAP A 


(AN)- (AN+ 1), N = 0-6 
(A7) - (C) 
(C) - (Aq) 
(A4.7)^(Ao-3) 


Rotate Accumulator right by 1-bit 
through carry 

Swap the 2 4-bit nibbles in the 
Accumulator 






1 
1 


1 











1 


1 










XRL A, «data 


(A) - (A) XOR data 


Logical XOR specified immediate data 
with Accumulator 


1 

d7 


1 

•de 



d5 


d4 




d3 



d2 


1 
dl 


do 








XRL A, Rr 


(A) -(A) XOR (Rr) 
for r = - 7 


Logical XOR contents of designated 
register with Accumulator 


1 


1 





1 


' 


' 


' 










XRLA,@Rr 


(A) - (A) XOR ((Rr)) 
for r = - 1 


Logical XOR Indirect the contents of data 
memory location with Accumulator 


1 


1 





' 























BRANCH 1 


DJNZ Rr, addr 


(Rr)-(Rr)- 1,r = 0- 7 

If (Rr) * 

(PC 0-7) -addr 


Decrement the specified register and 
test contents 


1 

37 


1 

36 


1 
35 




34 


33 


32 


31 


30 


2 


2 




JBb addr 


(PC - 7) - addr if Bb = 1 
(PC) - (PC) + 2 if 86 = 


Jump to specified address if 
Accumulator bit is set 


b2 

37 


bl 

36 


bo 
35 


1 
34 




33 




32 


1 
31 




30 


2 


2 




JC addr 


(PCO- 7) -addr if C= 1 
(PC) - (PC) + 2 if C = 


Jump to specified address if carry flag 
IS set. 


1 

37 


1 

36 


1 
35 


1 
34 




33 


1 

32 


1 
31 




30 


2 


2 




JFOaddf 


(PC - 7) - addr if FO = 1 
(PC) -)(PC) + 2 If FO = 


Jump to specified address if Flag FO is 


1 
37 




36 


1 
35 


1 
34 




33 


1 

32 


1 
31 




30 


2 


2 




JF1 addr 


(PC0-7»-addrif F1 = 1 
(PC) -(PC) + 2 if F1 =0 


Jump to specified address if Flag F1 is 
set 




37 


1 

36 


1 
35 


1 

34 




33 


1 

32 


1 
31 




30 


2 


2 




JMP addr 


(PCS- 10) -addr 8 -10 
(PC - 7) - addr 0-7 
(PC 11) -DBF 


Direct Jump to specified address withm 
the 2K address block 


310 
37 


39 
36 


as 

35 



34 




33 


1 

32 



31 




30 


2 


2 




JMPP @ A 


(PC 0-7) -((A)) 


Jump indirect to specified address with 
with address page 


1 





1 


1 








1 


1 


2* 


1 




JNC addr 


(PC0-7>-addrifC = 
(PC) - (PC) + 2 If C = 1 


Jump to specified address if carry flag is 
low 


1 

37 


1 

36 


1 
35 



34 




33 


32 


1 




30 


2 


2 




JNI addr 


(PC - 7) - addr if 1 = 
(PC) - (PC) + 2 If 1 = 1 


Jump to specified address if interrupt 
IS low 


1 

37 


b 

36 



35 



34 




33 


1 

32 


1 
31 




30 


2 


2 
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INSTRUCTION SET (CONT.) 



f<PD8748 













INSTRUCTION CODE 










FLAGS 


MNEMONIC 


FUNCTION 


DESCRIPTION 


D7 


06 


05 


D4 


D3 


02 


o^ 


00 


CYCLES 


BYTES 


C AC FO Fl 






BRANCH (CONT ) 


1 


JNTOaddr 


(PC0-7)^addrif T0 = 
(PC) ^ (PC) + 2 if TO = 1 


Jurnp to specified address if Test is low 




37 




36 


35 




34 




33 


1 

^2 


3^1 




30 




2 




JNT1 addr 


(PC - 7) -^ addr if T1 = 
(PC)-(PC) + 2.fTl = 1 


Jump to specified address if Test 1 is low 



37 


1 

36 




35 




34 




33 


32 


3^1 




30 




2 




JNZ addr 


(PC - 7) - addr if A = 
(PC) - (PC) + 2 if A = 


Jump to specified address if accumulator 
IS non zero 


37 




30 




35 


34 




33 


32 


1 

31 




30 




2 




JTF addr 


(PC -7) -addr if TF = 1 
(PC)-(PC) + 2.fTF = 


Jump to specified address if Timer Flag 
IS set to 1 




37 




36 



35 


1 
34 




33 


32 


1 
31 




30 




2 




JTOaddr 


(PC - 7) - addr if TO = 1 
(PC) - (PC) + 2 If TO = 


Jump to specified address if Test is a 




37 




36 


1 
35 


1 
34 




33 


1 

32 


3^1 




30 




2 




JT1 addr 


(PC -7)-^ addr If T1 = 1 
•(PC) -(PC) +2if T1 =0 


Jump to specified address if Test 1 is a 1 




37 


36 



35 


1 
34 




33 


32 


31 




30 




2 




JZaddr 


(PC - 7) - addr If A = 
(PC)-(PC)+2if A = 


Jump to specified address if Accumulator 
isO 


37 


36 




35 




34 




33 


32 


31 




30 




2 








CONTROL 


1 


EN 1 




Enable the External Interrupt input 

















1 





1 




1 




DIS 1 




Disable the External Interrupt input 











1 





1 





1 




1 




ENTOCLK 




Enable the Clock Output pin TO 







1 


1 





1 





1 




1 




SELMBO 


(DBF)-O 


Select Bank (locations 2047) of 
Program Memory 


' 




1 








1 





1 




' 




SEL MB1 


(DBF)-I 


Select Bank 1 (locations 2048 4095) of 
Program Memory 


' 




1 


1 





^ 





1 




1 




SELRBO 


(BS)-O 


Select Bank (locations - 7) of Data 
Memory 


' 













' 





' 




1 




SEL RBI 


(BS) - 1 


Select Bank 1 (locations 24 31) of 
Data Memory 


' 







1 





' 





' 




' 








DATA MOVES 


1 


MOV A, data 


(A) -data 


Move Immediate the specified data into 
the Accumulator 




d7 



d6 


1 

d5 



d4 



d3 



d2 


1 

di 


1 

do 








MOV A, Ri 


(A)-(Rr),r = 0-7 


Move the contents of the designated 
registeis into the Accumulator 


1 


1 


1 


1 


1 














MOV A, & Rr 


(A)-((Rr)),r = 0- 1 


Move Indirect the contents of data 
memory location into the Accumulatoi 


' 


1 


1 


1 



















MOV A, PSW 


(A) - (PSW) 


Move contents of the Program Status 
Word into the Accumulator 


1 


1 











' 


1 


1 








MOV Rr, data 


(Rr) -data, r = 0-7 


Move Immediate the specified data into 
the designated legister 


1 
d? 



d6 


1 

d5 


1 

d4 


1 

d3 


d2 


di 


do 








MOV Ri, A 


(Rr)-(A),r = 0-7 


Move Accumulator Contents into the 
designated register 


' 





1 





1 


' 


' 










MOV@Rr, A 


((Rr))-(A),r = 0- 1 


Move Indirect Accumulatoi Contents 
into data memory location 


^ 





1 














' 








MOV @ Rr, data 


((Rr))-data,r = 0- 1 


Move Immediate the specified data into 
data memory 


d7 




de 


1 
d5 


1 
d4 



d3 



d2 



di 


do 








MOV PSW, A 


(PSW) - (A) 


Move contents of Accumulator into the 
program status word 


1 


1 





1 





1 


' 


1 








MOVP A, @ A 
M0VP3 A,@ A 

MOVX A, @ R 


(PC 0-7) -(A) 
(A) -((PC)) 
(PC 0-7) -(A) 
(PC 8 -10) -Oil 
(A) -((PC)) 
(A)-((Rr)),r = 0- 1 


Move data in the current page into the 
Accumulator 

Move Piogram data in Page 3 into the 
Accumulator 

Move Indirect the contents of external 
data memory into the Accumulator 


1 






1 

1 






















1 



1 
1 








M0VX(5)R, A 


((Rr))-(A),r = 0-1 


Move Indirect the contents of the 
Accumulator into external data memory 


' 








1 











' 








XCH A, Rr 


{A):?(Rr),r = 0-7 


Exchange the Accumulator and 
designated registers contents 








1 





1 


' 


' 


' 








XCH A, @Rr 


(A):;:((Rr)),r = 0- 1 


Exchange Indirect contents of Accumu- 
lator and location in data memory 








' 














' 








XCHD A, @Rr 


(AO-3);: ((Rr))0-3)), 
r = 0- 1 


Exchange Indirect 4 bit contents of 
Accumulator and data memory 








1 


1 











' 












FLAGS 


1 


CPLC 


(C) NOT (C) 


Complement Content of carry bit 







1 










1 








• 


CPLFO 


(FO) • NOT (FO) 


Complement Content of Flag FO 










1 
















• 


CPL F1 


(F1) NOT(FI) 


Complement Content of Flag F1 







1 


1 
















• 


CLR C 


(C) 


Clear content of carry bit to 










1 







1 








• 


CLRFO 


(FO)- 


Clear content of Flag to 



























• 


CLR F1 


(F1) 


Clear content of Flag 1 to 







1 



















• 
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INSTRUCTION SET (CONT.) 



MNEMONIC 1 FUNCTION 


DESCRIPTION 


INSTRUCTION CODE 
D7 D6 D5 D4 D3 02 01 DO 


CYCLES 1 


BYTES 


FLAGS 
C AC FO F1 


INPUT/OUTPUT 




ANL BUS. - data 

ANL Pp. = data 

ANLDPp, A 

IN A, Pp 

INS A, BUS 
MOVDA Pp 

MOVD Pp, A 

OR L BUS, data 

ORLD Pp. A 

ORL Pp: - data 

OUTL BUS, A 

OUTL Pp, A 


(BUS) - (BUS) AND data 

(Pp) ^ (Pp) AND data 

p=1-2 

(Pp)-(Pp) AND (A 0-3) 

p = 4-7 

(A)-(Pp),p= 1 -2 

(A)*- (BUS) 

(A0-3)^(Pp),p = 4-7 
(A4-7)-0 
(Pp)^A0 = 3,p = 4-7 

(BUS) -(BUS) OR data 

(Pp)-(Pp)OR (A 0-3) 
p = 4-7 

(Pp)-(Pp)ORdata 
p= 1-2 
(BUS)<- (A) 

(Pp)-(A),p= 1 -2 


Logical and Imnnediate specified data 
with contents of BUS 
Logical and Immediate specified data 
with designated port (1 or 2) 

Logical and contents of Accumulator with 

designated port (4-7) 

Input data from designated port (1-2) 

into Accumulator 

Input strobed BUS data into Accumulator 

Move contents of designated port (4-7) 

into Accumulator 

Move contents of Accumulator to 

designated port (4-7) 

Logical or Immediate specified data with 

contents of BUS 

Logical or contents of Accumulator with 

designated port (4-7) 

Logical or Immediate specified data with 

designated port (1-2) 

Output contents of Accumulator onto 

BUS 

Output contents of Accumulator to 

designated port (1-2) 


10 110 
d7 d6 d5 d4 d3 d2 di do 

1 1 1 p p 
d7 d6 d5 d4 d3 d2 di do 

1 1 1 1 p p 

1 p p 

10 
1 1 p p 

1 1 1 1 p p 

1 10 
d? d6 d5 d4 d3 d2 di dQ 

1 1 1 p D 

1 1 p p 
d? d6 d5 d4 d3 d2 di do 
10 

1 1 1 p p 


2 

2 

2 

2 

2 
2 

2 

2 

2 

2 

2 

2 


2 




REGISTERS | 


DEC Rr (Rr) 
INC Rr 
INC@R. 


(Rr)-(Rr) + 1,r = 0-7 

(Rr)- (Rr) + 1.r = 0- 7 

((Rr)) -((Rr)) + 1, 
r = 0-1 


Decrement by 1 contents of designated 
register 

Increment by 1 contents of designated 

register 

Inciement Indirect by 1 the contents of 

data memory location 


1 1 1 r , 

1 1 r r , 

1 0,. 


1 


1 




SUBROUTINE ] 


CALL addr 

RET 
RETR 


((SP))-(PC), (PSW4-7) 

(SP) - (SP) + 1 

(PCS- 10) -addr 8 - 10 

(PCO-7)-addrO-7 

(PC ID-DBF 

(SP) - (SP) = 1 

(PC)-((SP)) 

(SP) - (SP) = 1 

(PC)-((SP)) 

(PSW4-7)-((SP)) 


Call designated Subroutine 

Return from Subroutine without 
restoring Program Status Wora 
Return from Subroutine restoring 
Program Status Word 


310 ag 38 1 1 
37 36 35 34 33 32 ai ao 

10 1 1 
10 10 1 1 


2 

2 
2 


2 




TIMER/COUNTER 


EN TCNTI 

DISTCNTI 

MOV A. T 

MOV T, A 

STOP TCNT 
STRTCNT 
STRTT 


(A) (T) 
(T) (A) 


Enable Internal interrupt Flag for 
Timer/Counter output 

Disable Internal interrupt Flag for 
Timer/Counter output 

Move contents of Timer/Counter into 
Accumulator 

Move contents of Accumulator mto 
Timer/Counter 

Stop Count for Event Counter 

Start Count for Event Counter 

Start Count for Timer 


10 10 1 

110 10 1 

10 10 

1 10 10 

110 10 1 
10 10 1 
10 10 10 1 




1 




MISCELLANEOUS 


NOP 


No Operation performed lO Oll |l 1 



Notes (j) Instruction Code Designations r and p form the binary representation of the Registers and Ports 

(2) The dot under the appropriate flag bit indicates that its content is subject to change by the rnstri. 

(3) References to the address and data are specified m bytes 2 and/or 1 of the instruction 

(3) Numerical Subscripts appearing in the FUNCTION column reference the specific bits affected 

Symbol Definitions' 



SYMBOL 


DESCRIPTJON 


A 


The AccunnulatOr 


AC 


The Auxihary Carry Flag 


addr 


Program Memory Address (12 bits) 


Bb 


Bit Designator (b = - 7) 


BS 


The Bank Switch 


BUS 


The BUS Port 


C 


Carry Flag 


CLK 


Clock Signal 


CNT 


Event Counter 


D 


Nibble Designator (4 bits) 


data 


Number or Expression (8 bits) 


DBF 


Memory Bank Flip-Flop 


Fah 


flags 0, 1 


1 


Interrupt 


P 


"In-Page" Operation Designator 



SYMBOL 


DESCRIPTION 


Pp 


Port Designator (p = 1, 2 or 4 - 7) 


PSW 


Program Status Word 


Rr 


Register Designator (r = 0, 1 or - 7) 


SP 


Stack Pointer 


T 


Timer 


TF 


Timer Flag 


To. Ti 


Testable Flags 0, 1 


X 


External RAM 


= 


Prefix for Immediate Data 


@ 


Prefix for Indirect Address 


$ 


Program Counter's Current Value 


(X) 


Contents of External RAM Location 


((x)) 


Contents of Memory Location Addressed 
by the Contents of External RAM Location. 


*- 


Replaced By 
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Package Outlines 

For information, see Pacicage Outline Section 7. 



Cerdip, |jlPD8748D, has quartz window 




4-101 



8748DS-REV2-7-83-CAT 



Notes 
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txPD80C48/^PD80C35 

CMOS 8-BIT SINGLE-CHIP 

MICROCOMPUTER 



Description 

The NEC ^xPD80C48 is a true stand-alone 8-bit micro- 
computer fabricated using CMOS technology. All of the 
functional blocks necessary for an integrated microcom- 
puter are incorporated, including a 1K-byte ROM, a 64-byte 
RAM, 27 I/O lines, an 8-bit timer/event counter, and a clock 
generator. This integrated capability permits use in stand- 
alone applications. For designs requiring extra capability, 
the |jlPD80C48 can be expanded using peripherals and 
memory compatible with industry-standard 8080A/8085A 
processors. A version of the fxPD80C48 without ROM is 
offered by the |jlPD80C35. 

Providing compatibility with industry-standard 8048, 8748, 
and 8035 processors, the |jlPD80C48 features significant 
savings in power consumption. In addition to the power 
savings gained through CMOS technology, the |jlPD80C48 
is distinct in offering two standby modes (Halt mode and 
Stop mode) to further minimize power drain. 
Features 

n 8-bit CPU with ROM, RAM, and I/O on a single chip 
D Hardware/software-compatible with industry-standard 

8048, 8748, and 8035 processors 
D 1Kx8R0M 
D 64 X 8 RAM 
D 27 I/O lines 

D 2.5|jls cycle time (6MHz crystal) 
D All instructions executable in 1 or 2 cycles 
D 97 instructions: 70 percent are single-byte instructions 
D Internal timer/event counter 

D 2 interrupts (an external interrupt and a timer interrupt) 
D Easily expandable memory and I/O 
D Bus compatible with 8080A/8085A peripherals 
D Power-efficient CMOS technology requiring a single 

+ 2.5V to + 5.5V power supply 
D Available in 40-pin DIP, 44-pin flat pack, and 52-pin 

flat pack 
n Halt mode 

- 1 mA typical supply current 

- Maintenance of internal logic values and control states 

- Mode initialization via HALT instruction 

- Mode release via external interrupt or reset 
D Stop mode 

- 1 jjlA typical supply current 

- Disabling of internal clock generation and 
internal logic 

- Maintenance of RAM contents 

- Mode initialization via hardware (V^d) 

- Mode release via reset 



Pin Identification 



Pin 


No. 


Symbol 


Name 


Function 


1 


TO 


TestO 


Testable input using conditional jump instructions 
JTO and JNTO. Also enables clock output via the 
ENTOCLK instruction. 


2 


XTAL1 


Crystal 1 


One of two inputs for external crystal oscillator or 
LC circuit to generate internal clock signals May 
also be used as an input for external clock signals 
(Non-TTL-compatible V,h ) 


3 


XTAL2 


Crystal 2 


One of two inputs for external crystal oscillator or 
TTL-compatible V,h ) 



4 RESET 



Active-low input line that initializes the proces- 
sor Also used to release both the Halt and Stop 
modes ® 



Single Step 



Active-low input line, that, in conjunction with ALE, 
causes the processor to single-step through a pro- 
gram one instruction at a time 



6 


INT 


Interrupt 


Active-low input line that causes an interrupt if an 
enable instruction has been executed A reset dis- 
ables the interrupt May be used as a testable input 
with a conditional jump instruction Can also be 
used to release the Halt mode 


7 


EA 


External 
Access 


Input line that inhibits internal program memory 
fetches and initiates access of external program 
memory. Essential for system testing and may also 
be used for program debugging 


8 


RD 


Read 


Active-low output strobe tine that is used to read 
data from external data memory 


9 


PSEN 


Program 
Store Enable 


Active-low output line that is used to fetch instruc- 
tions from external program memory 


10 


WR 


Write 


Active-low output strobe line that is used to write 
data into external data memory 


11 


ALE 


Address 
Latch Enable 


Output line for address latch enable At the falling 
edge of ALE, the address of either external data 
memory or external program memory is available 
on the bus 




12-19 DB0-DB7 



These I/O lines constitute an 8-bit bidirectional 

data/address bus Synchronous read and write 

operations can be performed on this bus using RD 
and WR signals Data driven out on the bus by an 
OUTL BUS instruction is statically latched 
The address of external memory is available on the 
bus at the falling edge of ALE when reading from 
external program memory or writing to and reading 
from external data memory During external pro- 
gram memory fetches, the least-significant 8 bits of 
the external program memory address are driven 
out on the bu s and th e addressed instruction is 
fetched using PSEN When no external memory is 
used, the bus can serve as a true bidirectional 8-bit 
port Information is strobed in or out by the RD and 
WR signals 



Ground potential 



21-24, P20-P27 
35-38 



These lines constitute Port 2, an 8-bit quasi- 
bidirectional port During external program 
memory fetches, P20-P23 output the most- 
signficant 4 bits of the external program mem- 
ory address. Lines P20-P23 can also be used 
as a 4-bit I/O expander bus to interface with 
the optional M.PD82C43 I/O expander 



25 


PROG 


Program 
Pulse 


This line is used as an output strobe when interfac- 
ing with the optional (xPD82C43 I/O expander. 


26 


Vdd 


Oscillator 
Control 
Voltage Line 


This input line is used to control oscillator stopping 
and restarting in Stop mode. Stop mode is enabled 
by forcing V^q LOW during a reset. 


27-34 


P10-P17 


Porti 


purpose quasi-bidirectional port. 


39 


T1 


Testi 


Testable input using conditional jump instruc- 
tions JT1 and JNT1 Can also be used as the timer/ 
counter input line via the STRT CNT instruction 


40 


Vcc 


Primary 
Supply 


Power supply. Vcc "^ust be between + 2 5V to 
-t- 5.5V for normal operation In Stop mode, Vcc 
must be at least + 2V to ensure data retention. 



Rev/1 



D The pulse width of RESET must be a minimum of 5 machine cycles in length following 
oscillator stabilization to reinitialize the processor and stabilize CPU operation At power- 
up, the states of the output lines are undefined until completion of reset 
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Pin Configuration 












TO 


c 


1 


40 


1 


Vcc 


XTAL1 


c 


2 




39 


3 


T1 


XTAL2 


c 


3 




38 


3 


P27 


RESET 


c 


4 




37 


1 


P26 


SS 


c 


5 




36 


3 


P25 


m 


c 


6 




35 


3 


P24 


EA 


: 


7 




34 


3 


Pl7 


RD 


c: 


8 




33 


3 


P16 


PSEN 


c 


9 


IJiPD 


32 


3 


Pl5 


WR 


c 


10 


8048/ 
8748/ 


31 


3 


Pl4 


ALE 


L 


11 


8035L 


30 


3 


Pl3 


DBo 


C 


12 




29 


3 


P12 


DB^ 


c 


13 




28 


3 


P1I 


DB, 


L 


14 




27 


3 


P10 


DB3 


C 


15 




26 


3 


Vdd 


DB4 


C 


16 




25 


3 


PROG 


DBs 


C 


17 




24 


3 


P23 


DBe 


C 


18 




23 


3 


P22 


DB7 


C 


19 




22 


3 


P21 


Vss 


C 


20 




21 


3 


P20 


Standby Function 












HALT mode 















In Halt mode, the oscillator continues to operate, but the 
internal clock is disabled. The status of all internal logic just 
prior to execution of the HALT instruction is maintained by 
the CPU. In Halt mode, power consumption is less than 
10 percent of normal |xPD80C48 operation and less than 
1 percent of normal 8048 operation. 
The Halt mode is initiated by execution of t he HALT 
instruction, and is released by either INT or RESET input. 
INT input: When the INT pin receives a low-level input, if 
Interrupts are enabled, the internal clock is restarted and 



the interrupt is executed after the first or second instruction 
following the HALT instruction. However, if interrupts are 
disabled, program operation is resumed from the next 
address following the HALT instruction. The first instruc- 
tion following a HALT instruction should be a NOP 
instruction to ensure proper program execution. 
If the Halt mode is released when interrupts are enabled, 
the interrupt service routine is usually executed after the 
first or second instruction following the release of Halt 
mode. However, If either a timer or external interrupt is 
accepted within one machine cycle prior to a HALT instruc- 
tion, the corresponding timer or external interrupt service 
routine is executed immediately following the release of 
Halt mode. It is important to note this sequence of execu- 
tion when considering interrupt service routine execution 
following a HALT instruction. 

RESET input: When a low-level input is received by the 
RESET pin. Halt mode is released and the normal reset 
operation is activated, restarting program operation from 
address 0. 
Stop mode 

In Stop mode, the oscillator is deactivated and only the 
contents of RAM are maintained. The operation status 
of the fjLPD80C48 resembles that of a reset condition. 
Because only the contents of RAM are maintained, Stop 
mode provides even lower power consumption than Halt 
mode, only requiring a minimum Vcc ^is low as + 2V. 



Stop mode is Initiated by setting V^d to LOW when RESET 
is LOW, to protect the contents of RAM. Stop mode is 
released by first raising the supply voltage at the Vcc P'f^ 
from standby level t o correct operating level and setting 
Vdd to HIGH when RESET is LOW. After the osci llator ha s 
been restarted and the oscillation has stabilized, RESET 
must be set to HIGH, whereby program operation is started 
from address 0. 



stop Mode Circuit 



Voltage 
Regulator 



-I>l- 



T 



3 0V ■=- 
BatteryT 



c CLEAR Q 



Notes: ® D flip-flops must be CMOS (74C74 or equivalent) 

® Designated gates must be CMOS (74C04 or equivalent) 



RESET 

Von 



rvvA( — f — (^x>- 




T 

T 



® 
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stop Mode Timing 




5 Machine Cycles Oscillation Stabilization Time 



Stop Mode Circuit: Since V^d controls the restarting 
of the oscillator, it is important that Vpo be protected from 
noise interference. The time required to reset the CPU is 
represented by t^ (see Stop Mode Timing diagram), which 
is a minimum of 5 machine cycles. The reset operation will 
not be completed in less than 5 machine cycles. In Stop 
mode, it is important to note that if Vpo goes LOW before 5 
machine cycles have elaps ed, the CPU will be deactivated 
and the output of ALE, RD, WR, PSEN, and PROG will not 
have been stabilized. 



fxPD80C48/80C35 

Oscillation stabilization time is represented by tg (see Stop 
Mode Timing diagram). When Vpo goes HIGH, oscillator 
operation is reactivated, but it takes time before oscillation 
can be stabilized. In particular, such high Q resonators as 
crystals require longer periods to stabilize. Because there 
is a delay between restarting of the oscillator and oscillator 
stabilization, tg should be long enough to ensure that the 
oscillator has been fully stabilized. 
To facilitate Stop mo de contr ol, an external capacitor can 
be connected to the RESET pin (see Stop Mode Control 
Circuit), affecting only tg, allowing control of the oscillator 
stabilization time. When Vpo is asserted in Stop m ode, 
the capa citor begins charging, pulling up RESET. When 
RESET reaches a threshold level equival ent to a logic 1 , 
Stop mode is released. The time it takes RESET to reach 
the threshold level of logic 1 determines the oscillator stabi- 
lization time, which is a function of the capacitance and 
pull-up resistance values. 



stop Mode Controi Circuit 



-<} 



Note: ® Polarized electrolytic capacitor 



p-channel 



Pull-up 
Resistance 



n-channel 



<- 




* ® 



Port Operation 

A port-loading option is offered at the time of ordering the 
mask. Individual source current requirements for Port 1 
and the upper and lower halves of Port 2 may be factory 
set at either - 5|jlA or - 50jjlA (see Port-Loading Options 
table). The - 50|xA option is required for interfacing with 
TTL/NMOS devices. The - 5|xA option is recom- 
mended for interfacing to other CMOS devices. The 
CMOS option results in lower power consumption and 
greater noise immunity. 

Port lines P^o to P-,7 and P24 to P27 include a protective 
circuit "E" to prevent a signal conflict at the port. The circuit 
prevents a logic 1 from being written to a line that is being 
pulled down externally (see Port Protection Circuit "E" dia- 
gram). When a logic is detected at the port line and a logic 
1 is written from the bus, the NOR gate sends a logic 1 to 
the D input of the flip-flop. The output is inverted, forcing the 
NAND gate to send a high-level output. This turns off tran- 
sistor A, preventing the output of a logic 1 from the port. 



Port-Loading Options 

loH (min) Vcc = Vqd = 5V ± 10%; Voh = 2.4V (min) 



Option 
Selected 


P10-P17 


P20-P23 


P24-P27 


Unit 


A 


-5 


-5 


-5 


jxA 


B 


-50 


-5 


-5 


IjlA 


C 


-5 


-50 


-5 


ptA 


D 


-50 


-50 


-5 


^ilA 


E 


-5 


-5 


-50 


li^A 


F 


-50 


-5 


-50 


jjlA 


G 


-5 


-50 


-50 


jjlA 


H 


-50 


-50 


-50 


|xA 



Notes: ® The selection of Iqh = " S^-A will result in a port source current of I|lp = 
when used as input port 
® The selection of Iqh = - 50piA will result in a port source current of Ijlp = 
max when used as input port 
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Oscillator Operation 

The oscillator maintains an internal frequency for clock 
generation and controls all system timing cycles. The 
oscillation is initiated by either a self-generating external 
resonator or external clock input. The oscillator acts as a 
high-gain amplifier which produces square-wave pulses 
at the frequency determined by the resonator or clock 
source to which it Is connected. 
To obtain the oscillation frequency, an external LC network 



may be connected to the oscillator, or, a ceramic or crystal 
external resonator may be connected. 
As the crystal frequency is lowered, there is an equivalent 
reduction in series resistance (R). As the temperature of the. 
crystal is lowered, R is increased. Due to this relationship, it 
becomes difficult to stabilize oscillation when there Is low 
power supply voltage. When V^c is less than 2.7V and the 
oscillator frequency is 3MHz or less, T^ (ambient tempera- 
ture) should not be less than - 10°C. 



Port Protection Circuit "E" 

ORL.ANL 



lnternal_ 
Bus ~ 



Write 
Pulse " 



r" 



O 



1^. 



I 



Pull-up Resistance 
-I |p-channel| — I p-channel 



-\^ 



f I In-channel 



1 



-<SJ 



tzr. 



J 



Input 
Buffer^ 




Crystal Frequency Reference Circuit 



LC Frequency Reference Circuit 



I 

'I ^ 



^f 





L C Nominal f 

45hH 20pF 5 2MH2 

120fiH 20pF 3 2MHz 



Notes: (D Crystal oscillator constants of fosc = 6MHz 

Rn,ax = son 

Cl = 16±0 2pF 
P = 1 ± 2mW 
(D Operating frequency less than 4MHz 
< Ci s 20pF 
< Cz s 20pF 
I Cg - Ci I < lOpF 
(S Operating frequency more than 4MHz 
0<Ci <10pF 
< Cg s lOpF 
I Cg - Ci I < 5pF 



Note: Cpp = 5-10pF Pin to pin capacitance should be approximately 20pF, including 
stray capacitance 
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Major Input and Output Signals 



rL I 1 



r 



Reset 
Single 
Step 
External 
Memory 



Test 



Interrupt 



jjlPD 
80C48/ 
80C35 



Port #1 
Port #2 
Read 
Write 

Program Store 
Enable 

AddreM Latch 
Enable 



Port Expander 
Strobe 



I Ci - Ca I = 20pF 
For example, C^ = 30pF, and Cg = 10pF 
Values of Ci and Cg do not include stray capacitance 



Externai Clock Frequency Reference Circuit 



Instruction Set Symbol Definitions 



4> 



Open 



Note: A minimum voltage of Vcc-1 's required for XTAL1 to go HIGH 



Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary Carry Flag 


addr 


Program or data memory address (ao-a7) or (ao-aio) 


b 


Accumulator bit (b = 0-7) 


BS 


Bank Switch 


BUS 


Bus 


C 


Carry Flag 


CLK 


Clock 


CNT 


Counter 


data 


8-bit binary data (do-dy) 


DBF 


Memory Bank Flip-Flop 


FO, F1 


Flag 0, Flag 1 


INT 


Interrupt pin 


n 


Indicates the hex number of the specified register 
or port 


PC 


Program Counter 


Pp 


Port 1 , Port 2, or Port 4-7 (p = 1 , 2, or 4-7) 


PSW 


Program Status Word 


Rr 


RegisterRo-R7(r = 0-7) 


SP 


Stack Pointer 


T 


Timer 


TF 


Timer Flag 


TO, T1 


Test 0, Test 1 pin 


# 


Immediate data indication 


@ 


Indirect address indication 


X 


Indicates the hex number corresponding to 
the accumulator bit or page number specified 
in the operand 


(X) 


Contents of RAM 


((X)) 


Contents of memory addressed by (x) 


•«— 


Transfer direction, result 


A 


Logical product (logical AND) 


V 


Logical sum (logical OR) 


V 


Exclusive OR 




Complement 
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Instruction Set 





Function 




Description 


Hex 
Code 








instruction Code 








Cycles 




Mnemonic 


i>7 


De 


Ds 


0* 


D3 


O2 


D, 


Do 


Bytes 


Accumulator 


ADD A, # 
data 


(A) - (A) + data 




Sets or clears both carry flags.® 


03 



d7 









d4 



da 



d2 


1 
di 


1 
do 


2 


2 


ADDA,R, 


(A) - (A) + (R,) 
r = 0-7 




Adds the contents of register R, to the 
accumulator Sets or clears both carry flags (D 


6n® 





1 


1 





1 


r 


r 


r 


1 


1 


ADDA,@Rr 


(A) - (A) + m,)) 
r = 0-1 




Adds the contents of the internal data memory 
location specified by bits 0-5 of register R, to the 
accumulator. Sets or clears both carry flags.® 


6n® 





1 


1 














r 


1 


1 


ADDC A, # 
data 


(A) - (A) + data + 


(C) 


Adds, with carry, immediate data do-dy to the 
accumulator Sets or clears both carry flags.® 


13 



d7 



de 



ds 


1 
d4 



da 



da 


1 
di 


1 
do 


2 


2 


ADDC A, R, 


(A) - (A) + (R,) + 
, = 0-7 


(C) 


Adds, with carry, the contents of register R, to the 


7n® 





1 


1 


1 


1 


•■ 


^ 


r 


1 


1 


ADDC A, 

@R, 


(A)-(A) + ((R,)) + (C) 

f = 0-1 


Adds, with carry, the contents of the internal data 
memory location specified by bits 0-5 of register 
Rp to the accumulator. Sets or clears both carry 
flags.® 


7n® 





1 


1 


1 













1 


1 


ANLA,# 
data 


(A) - (Ay\data 




Takes the logical product (logical AND) of 

the accumulator, and stores the result in the 
accumulator 


53 




Ci7 


1 
de 



ds 


1 
d4 



d3 



d2 


1 

di 


1 
do 


2 


2 


ANL A, Rr 


(A) - (A)A(R,) 
, = 0-7 




Takes the logical product (logical AND) of the 
contents of register R, and the accumulator, and 
stores the result in the accumulator 


5n® 





1 





1 


1 


r 


r 


r 


1 


1 



(A) ^ (A)/\((Rr)) Takes the logical product (logical AND) of the 

r = 0-1 contents of the internal data memory location 

specified by bits 0-5 of register R,, and the 
accumulator, and stores the result in the 
accumulator. 



10 1 







CPLA 


(A) - (A) 


Takes the complement of the contents of the 
accumulator. 


37 








1 


111 1 1 


CLRA 


(A)-0 




27 











111 1 1 



Converts the contents of the accumulator to BCD. 
Sets or clears the carry flags. When the lower 4 
bits {Aq_3) are greater than 9, or if the Auxiliary 
Carry Flag has been set, adds 6 to A(,_3. When the 
upper 4 bits (A4_7) are greater than 9 or if the Carry 
Flag (C) has been set, adds 6 to A4_7 If an 
overflow occurs at t^is point, C is set.d 



DEC A 


(A) - (A) - 1 


Decrements the contents of the accumulator by 1 . 


07 

















1 1 1 


1 


1 


INC A 


(A)-(A) + 1 


Increments the contents of the accumulator by 1 . 


17 











1 





1 1 1 


1 


1 


ORLA,# 
data 


(A) - (A)Vdata 


Takes the logical sum (logical OR) of immediate 
data dfl-dy and the contents of the accumulator, 
and stores the result in the accumulator 


43 



d7 


1 
ds 



ds 



d4 



da 


1 1 
da di do 


2 


2 


ORLA,R, 


(A) - (A)V(Rr) 
, = 0-7 


Takes the logical sum (logical OR) of register R^ 
and the contents of the accumulator, and stores 
the result in the accumulator 


4n® 





1 








1 


r r r 


1 


1 



(A) <- (A)\,(1[(Rr)) Takes the logical sum (logical OR) of the contents 

f = 0-1 of the internal data memory location specified by 

bits 0-5 in register Rr, and the contents of the 
accumulator, and stores the result in the 
accumulator 



RLA 


(Ab + 1)-(Ab) 
(Ao) - (Ay) 
b = 0-6 


Rotates the contents of the accumulator one bit to 
the left. The MSB is rotated into the LSB. 


E7 




1 


















RLCA 


(Ab + 1)-(Ab) 
(Ao)-(C) 
(C)-(A7) 
b = 0-6 


Rotates the contents of the accumulator one bit to 
the left through carry. 


F7 




1 


1 















RRA 


(Ab)-(Ab + 1) 
(A7) - (Ao) 
b = 0-6 


Rotates the contents of the accumulator one bit to 
the right. The LSB is rotated into the MSB 


77 




1 


1 















RRCA 


(Ab)-(Ab + 1) 
(A7)-(C) 
(C)^(Ao) 
b = 0-6 


Rotates the contents of the accumulator one bit to 
the right through carry 


67 




1 


















SWAP A 


(A4_7) - (A0-3) 


Exchanges the contents of the lower 4 bits of the 
accumulator with the upper 4 bits of the 
accumulator 


47 























XRLA,#data 


(A) - (A)Vdata 


Takes the exclusive OR of immediate data dg-dy 
the result in the accumulator. 


D3 


d7 dg 



ds 


1 
d4 



da 


d2 


di 


do 






XRLA,R, 


(A) - (A)V(R,) 
, = 0-7 


Takes the exclusive OR of the contents of register 
Rf and the accumulator, and stores jthe result in 
the accumulator 


Dn® 







1 


1 












XRL A, @ R, 


(A) - (A)V((Rr)) 

r = 0-1 


Takes the exclusive OR of the contents of the 
location in data memory specified by bits 0-5 in 
register R,, and the accumulator, and stores the 


Dn® 







1 

















Branch 


DJNZ R„ 
addr 


(R,)-(R,)-1 
if(Rr)=*0,then 
(PCo_7) - addr 
, = 0-7 


Decrements the contents of register R, by 1, and if 
the result is not equal to 0, jumps to the address 
indicated by ao-ay. 


En 


1 1 
87 ag 


1 
as 



a4 


1 
aa 


r 

32 


r 

ai 


r 
ao 


2 


2 


JBb addr 


{PCo-7)^addrifb = 1 
(PC) = (PC) + 2 If b = 


Jumps to the address specified by Bo-Sj if the bit 
in the accumulator specified by bo-ba is set. 


x2® 


b2 b^ 
37 ag 


bo 
as 


1 
a4 




aa 



32 


1 
ai 




ao 


2 


2 
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Function 




Hex 
Code 
















Cycles 






D7 


D. 


D5 


D4 


03 


D2 


Di 


Do 


Bytes 


Branch (Cont.) 


JCaddr 


(PCo_7)-addrifC = 1 
(PC)-(PC) + 2»fC = 


Jumps to the address specified by a^-Sj if the 
Carry Flag is set. 


F6 


1 
87 


1 

86 


1 
85 


1 
84 



83 


1 
82 


1 
81 




80 


2 


2 


JFO addr 


(PCo_7)-addrlfFO = 1 
(PC)-(PC) + 2ifF0 = 


is set. 


B6 


1 
a? 



86 


1 
85 


1 
84 




83 


1 

82 


1 
81 




80 


2 


2 


JF1 addr 


(PCo-7)-addrlfF1 = 1 
(PC) *- (PC) + 2 if F1 = 


Jumps to the address specified by 80^7 if F1 
is set. 


76 




87 


1 
86 


1 
85 


1 
84 




83 


1 

82 


1 
81 




80 


2 


2 


JMPaddr 


(PC8_io) *- addr9_io 
(PCo_7)-addro_7 
(PCii) - DBF 


Jumps directiy to the address specified by ao-am 
and the DBF. 


x4(D 


aio 
87 


89 
86 


88 
85 




84 




83 


1 
82 




81 




ao 


2 


2 



(PCf^j) *- ((A)) Repiaces the lower 8 bits of the Program Counter 

with the contents of program memory specified 
by the contents of the accumulator, producing 
a jump to the specified address within the 
current page. 



JNC addr 


(PC0-7) - addr if C = 
(PC)-(PC) + 2ifC = 1 


Jumps to the address specified by 80-87 if the 
Carry Flag is not set 


E6 


1 

87 


1 

86 


1 
85 




34 




83 


1 
82 


1 

81 




80 


2 


2 


JNI addr 


(PCo_7)-addrifi = 
(PC)-(PC) + 2ifl = 1 


Jumps to the address specified by 80-87 if the 
Interrupt Flag is not set. 


86 


1 
87 




86 




as 




84 




83 


1 
82 


81 




80 


2 


2 


JNTOaddr 


(PCo_7)^addrifTO = 
(PC) - (PC) + 2 if TO = 1 


Jumps to the address specified by 80-87 if Test 
IS LOW. 


26 




87 




86 


1 
85 




84 




83 


1 

82 


81 




ao 


2 


2 


JNT1 addr 


(PCo-7)-addrifT1 =0 
(PC) -(PC) + 2 if T1 = 1 


Jumps to the address specified by 80-87 if Test 1 
Is LOW. 


46 




87 


1 
86 




85 




84 




83 


1 
82 


81 




80 


2 


2 


JNZ addr 


(PCo_7)-addrifA:^0 
(PC)-(PC) + 2ifA = 


Jumps to the address specified by 80-87 if the 
contents of the accumulator are not equal to 0. 


96 


1 

87 




86 



85 


1 
84 




83 


1 
82 


81 




80 


2 


2 


JTFaddr 


(PCo_7)-addrifTF = 1 
(PC)-^(PC) + 2ifTF = 


Jumps to the address specified by ao-87 if the 
Timer Flag is set. The Timer Flag is cleared after 
the instruction is executed. 


16 




87 




86 



85 


1 

84 




83 


1 
82 


81 




80 


2 


2 


JTOaddr 


(PCo_7)-addrifT0 = 1 
(PC)-(PC) + 2ifT0 = 


Jumps to the address specified by 80-87 if Test 
is HIGH. 


36 




87 




86 


1 
85 


1 
84 




83 


1 
82 


81 




80 


2 


2 


JT1 addr 


(PCo.7)-addrifT1=1 
(PC)-(PC) + 2ifT1 =0 


Jumps to the address specified by 80-87 if Test 1 
is HIGH. 


56 




87 


1 
86 



85 


1 
84 




83 


1 
82 


81 




80 


2 


2 


JZ 


(PC,^7)-addrifA = 
(PC)-(PC) + 2ifA = 1 


Jumps to the address specified by 80-87 if the 
contents of the accumulator are equal to 0. 


C6 


1 

87 


1 

86 



as 



84 



83 


1 
82 


81 




80 


2 


2 


Control 


ENI 




Enables external interrupts. When external 
interrupts are enabled, a low-level input to the INT 
pin causes the processor to vector to the interrupt 
service routine. 


05 




























DISI 




interrupts are disabled, low-level inputs to the INT 
pin have no effect on program execution. 


15 











1 
















ENTOCLK 




Enables cloclt output to pin TO. 


75 







1 


1 
















SEL IMBO 


(DBF) - 


Clears the Memory Bank Fiip-Flop, selecting 
Program Memory Banic [program memory 
addresses 0-2047(io)]- Clears PC^ after the next 
JMP or CALL instruction. 


E5 


1 




1 



















SEL MB1 


(DBF) - 1 


Sets the Memory Banit Flip-Flop, selecting 

addresses 2048-4095(io)]- Sets PC^ after the next 
JMP or CALL instruction. 


F5 


1 




1 


1 
















SELRBO 


(BS)-O 


Selects Data Memory Bank by clearing bit 4 
(Bank Switch) of the PSW. Specifies data memory 
addresses 0-7(io) as registers 0-7 of Data 
Memory Bank 0. 


C5 


1 
























SELRB1 


(BS) - 1 


Selects Data Memory Bank 1 by setting bit 4 
(Bank Switch) of the PSW. Specifies data memory 
24-31(10) as registers 0-7 of Data Memory Bank 1. 


D5 


1 







1 
















HALT 




Initiates Halt mode. 


01 



























Data Moves 


MOVA,# 
data 


(A) - data 


Moves immediate data do-d7 into the 
accumulator. 


23 


d7 



de 


1 

ds 




d4 



d3 



d2 


1 

di 


do 


2 


2 


MOV A, R, 


(A) - (Rr) 
r = 0-7 


Moves the contents of register Rr into the 
accumulator. 


Fn® 




1 


1 


1 


1 


r 


r 




1 


1 


MOV A, @ R, 


(A) - ((Rr)) 
r = 0-1 


Moves the contents of internal data memory 
specified by bits 0-5 in register Rr, into the 
accumulator. 


Fn® 




1 


1 


1 


t) 










1 


1 


MOV A, PSW 


(A) -(PSW) 


Moves the contents of the Program Status Word 
into the accumulator. 


C7 




1 











1 


1 




1 


1 


MOV Rr, # 
data 


(Rr) - data 

r = 0-7 




Bn® 


d7 



de 


1 
ds 


1 

d4 


1 

d3 


dj 


r 
di 


do 


2 


2 


MOV R„ A 


(Rr) - (A) 
r = 0-7 


Moves the contents of the accumulator into 
register R^ 


An® 







1 





1 


r 


r 




1 


1 


MOV @ Rp A 


((Rr)) - (A) 
r = 0-1 


data memory location specified by bits 0-5 in 
register R^. 


An® 







1 
















1 


1 


MOV @ R„ # 
data 


((Rr)) - data 

r = 0-1 


Moves immediate data do-d7 into the data 
memory location specified by bits 0-5 in 
register R,. 


Bn® 


d7 



d6 


1 
ds 


1 

d4 



da 




d2 



di 


do 


2 


2 


MOV PSW, A 


(PSW) -(A) 




D7 




1 





1 





1 


1 




1 


1 



Program Status Word. 
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Hex 
Code 
















Cycles 






l>7 


Ds 


Ds 


i>4 


©3 


■>2 


D, 


Do 


Bytes 


Data Moves (Cont.) 


MOVPA,@A 


(PCo-7)-{A) 
(A) -((PC)) 


accumulator. 


A3 


1 




1 










1 




2 




M0VP3A, 

@A 


(PCo-7)-(A) 
(PCa.i,)-001 
(A) -((PC)) 


Moves the contents of the program memory 
Program Memory Bank 0) and the contents of the 


E3 


1 




1 










1 




2 




MOVXA,@R 


(A) - ((Rr)) 
, = 0-1 


Moves the contents of the external data memory 
location specified by register R„ into the 
accumulator. 


8n® 


1 




















2 




MOyX@R,A 


((Rr)) - (A) 

r = 0-1 


Moves the contents of the accumulator into the 
external data memory location specified by 
register Rr. 


9n® 


1 







1 












2 




XCHA.R, 


(A)-(Rr) 
, = 0-7 


register R,. 


2n® 







1 





1 




r 




1 




XCHA,@R, 


(A) - ((Rr)) 
, = 0-1 


the contents of the data memory location 
specified by bits 0-S in register R,. 


2n® 







1 
















1 




XCHDA,@ 


(A,w)-((Rro_3)) 
r = 0-1 


of the internal data memory location specified by 
bits 0-5 in register R,. 


an® 







1 


1 













1 




Flags 


CPLC 


(C)<-(C) 


Taltes the complement of the Carry bit. 


A7 

















1 








CPLFO 


(FO)-(FO) 




95 









1 
















CPLF1 


(FI)-(FI) 


Talces the complement of Flag 1 . 


B5 









1 
















CLRC 


(C)-0 


Clears the Carry bit. 


97 









1 







1 








CLRFO 


(FO)-O 


Clears Flag 0. 


85 


























CLRF1 


(F1)-0 


Clears Flag 1. 


A5 


























Input/Output 


ANLBUS,# 
data 


(BUS)^(BUS)Adata 


Takes the logical AND of the contents of the bus 
the bus. 


98 


1 






ds 


1 

d4 


d3 



d2 



di 


do 


2 


2 


ANL Pp, # 
data 


(Pp)-(Pp)Adata 
p = 1-2 


Takes the logical AND of the contents of 
and sends the result to port Pp for output. 


9n® 


1 



de 



d5 


1 
d4 


d3 



da 


P 
d, 


do 


2 


2 


ANLO Pp, A 


(Pp)-(Pp)A(A<w) 
p = 4-7 


Takes the logical AND of the contents of 
designated port Pp and the lower 4 bits of the 
accumulator, and sends the result to port Pp for 
output. 


9n(D 


1 








1 




1 


P 




2 


1 


INA,Pp 


(A)-(Pp) 
p = 1-2 


Loads the accumulator with the contents of 


On® 























2 


1 


INS A, BUS 


(A) -(BUS) 


Loads the contents of the bus into the 
accumulator on the rising edge of RD. 


08 























2 


1 


MOVD A, Pp 


(Ao-3)-(Pp) 

(V7)-0 
p = 4-7 


lower 4 bits of the accumulator, and clears the 
upper 4 bits. 


On® 
















1 






2 


1 


MOVD Pp, A 


(Pp)-(Aa-3) 
p = 4-7 


accumulator are not changed. 


an® 








1 


1 




1 






2 


1 


ORL BUS, # 
data 


(BUS)-(BUS)\^ata 


Takes the logical OR of the contents of the bus 
the bus. 


88 


1 

d7 




de 



ds 



d4 


da 



d2 




do 


2 


2 


ORLD Pp, A 


(Pp)-(Pp)V(A(w) 
p = 4~7 


Takes the logical OR of the contents of designated 
port Pp and the lower 4 bits of the accumulator, 
and sends the result to port Pp for output. 


8n® 


1 













1 






2 


1 


ORL Pp, # 
data 


(Pp)-(Pp)Vdata 
p = 1-2 


Takes the logical OR of the contents of designated 
port Pp and Immediate data dg-dr, and sends the 
result to port Pp for output. 


9n® 


1 
d7 



de 



ds 



d4 


da 



da 


di 


do 


2 


2 



OUTLBUS,A (BUS) -(A) 



Latches the contents of the accumulator onto the 

bus on the rising edge of WR. 

Note: Never use the OUTL BUS instruction when 
using external program memory, as this 
will permanently latch the bus. 



OUTLPp,A 


(Pp)-(A) 


Latches the contents of the accumulator into 
designated port Pp for output. 


an® 








1 1 


1 





P 


P 


2 1 


Registers 


DECRr 


(R,)-(R,)-1 
r=0-7 


Decrements the contents of register R, by 1 . 


Cn® 


1 


1 





1 


r 


r 


r 


1 1 


INCRr 


(R,)-(R,) + 1 
r = 0-7 


Increments the contents of register R, by 1 


In® 








1 


1 


r 


r 


r 


1 1 


INC @ Rr 


((Rr))-((Rr)) + 1 
r = 0-1 


location specified by bits 0-5 in register R,. 


In® 








1 











r 


1 1 
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Instruction Cod* 



Doscription 



D7 De Ds D4 Da D, • D^ Dq Cyclos Bytos 



((SP))-(Pcy,(PSW4.7) 

(SP)-(SP) + 1 
(PCs-io) *- wWr^.to 
(PCo_7)-addro_r 
(PC11) ^ DBF 



Stores the contents of the Program Counter 
and the upper 4 bits of the PSW In the address 
indicated by the Stacic Pointer, and Increments the 
contents of the Stacic Pointer, calling the subrou- 
tine specified by address ao-a^o *"d ^^^ DBF. 



aio 89 ag 1 
ay ag as b^ 



10 
83 82 a^ ao 



(SP) <- (SP) - 1 Decrements the contents of the Stack Pointer 
(PC) <- ((SP)) by 1 and stores, in the Program Counter, the 
contents of the location specified by the Stack 
Pointer, executing a return from subroutine 
without restoring the PSW. 



10 



11 



(SP) <- (SP) - 1 Decrements the contents of the Stack Pointer 93 

(PC) ^ ((SP)) by 1 and stores, in the Program Counter, the 

(PSW4_7) <- ((SP)) contents of the upper 4 bits of the PSW and the 

contents of the location specified by the Stack 
Pointer, executing a return from subroutine with 
restoration of the PSW. 



10 1 



1 1 



Timor/Counter 


ENTCNTI 






Enables Internal Interrupt of timer/event counter, 
will be generated. 


25 








1 








1 





1 1 1 


DI8TCNTI 








35 








1 


1 





1 





1 1 1 


|yiOVA,T 


(A)* 


(T) 


Moves the contents of the timer/counter into the 
accumulator. 


42 





1 














1 


1 1 


MOVT.A 


(T)-(A) 


Moves the contents of the accumulator into the 
timer/counter. 


62 





1 


1 











1 


1 1 


STOPTCNT 








65 





1 


1 








1 





1 1 1 


8TRTCNT 






Starts the event counter operation of the 
timer/counter when T1 changes from a low-level 
Input to a high-level Input. 


45 





1 











1 





1 1 1 


STRTT 






Starts the timer operation of the timer/counter, 
cycles. 


55 





1 





1 





1 





1 1 1 


Miscellaneous 


NOP 






Uses one machine cycle without performing any 
operation. 


00 























1 1 




Notosi ® Binary instruction code designations ^ and p represent encoded values or the lowest-order bit value of specified registers and ports, respectively 

(2) Execution of the ADD, ADDC, and DA instructions affect the carry flags, which are not shown in the respective function equations These instructions set the carry flags when there is an 

overflow in the accumulator (the Auxiliary Carry Flag is set when there is an overflow of bit 3 of the accumulator) and clear the carry flags when there is no overflow Flags that are 

specifically addressed by flag instructions are shown in the function equations for those instructions 
<3> References to addresses and data are specified in byte 1 and/or 2 in the opcode of the corresponding instruction 
(D The hex value of n for specific registers is as follows 

a) Direct addressing 



Rq. n = 8 R2n=A R4n = C R6n = E 




Rin = 9 R3n = B R5n = D R7n = F 




b) Indirect addressing 




@Ron = @Rin = 1 




® The hex value of n for specific ports is as follows 




Pin = 9 P4 n = C P6n = E 




P2n = A P5 n = D P7n = F 




® The hex value of x for specific accumulator or address bits is as follows 




a) JBb instruction 




Bo X = 1 B2 X = 5 B4 X = 9 Be x = D 




Bi X = 3 B3 X = 7 B5 X = B B7 X = F 




b) JMP instruction 




PageO x = Page 2 x = 4 Page 4 x = 8 Page 6 x 


= C 


Page 1 x = 2 Page 3 x = 6 Page 5 x = A Page 7 x 


= E 


c) CALL instruction 




Page x = 1 Page 2 x = 5 Page 4 x = 9 Page 6 x 


= D 


Page 1 x = 3 Page 3 x = 7 Page 5 x = B Page 7 x 


= F 
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DC Characteristics: Standard Voltage Range 

T, = -40^ to +85X; Vcc = +5V ± 10%; Vss = OV 





Symbol 




LJmfts 




Unit 


Test Conditions 


Mffi 


Typ 


Max 


Input Low 
Voltage 


V,L 


-0.3 




0.8 


V 




Input High 


V,H 


Vcc-2 




Vcc 


V 


All except XTAL1, XTAL2, RESET 


Voltage 


V,H1 


Vcc-1 




Vcc 


V 


RESET, XTAL1,XTAL2 


Output Low 
Voltage 


Vol 






0.45 


V 


loL = 2.0mA 



Bus, RD, WR, PSEN, ALE, PROG, 
TO;loH= -100ft A 



Output High 
Voltage 



Port1,Port2;loH = -5\iA 
(lypeO) 



Port1,Port2;loH= -SOjjlA 
(lypel) 



All outputs; lot 



^A 



Port1,Port2;V,N<V,L 
(TVpeO) 



Input Current 



ii/K 



Port1Port2;V,NsV,L 
(lypel) 





l|LC 




-40 


yJ^ 


SS, RESET; V,nsV,l 


Input Leakage 


■lii 




±1 


nA 


T1,INT,Vod;Vss^V,n^Vcc 


Current 


IU2 




±3 


Ji^A 


EA;Vss^V,nsVcc 


Output Leakage 
Current 


Ilo 




±1 


(xA 


Bus, TO, High-Impedance State; 

Vss ^Vo^ Vcc 


Standby 


"cci 


0.4 


0.8 


mA 


Haltmode;tcY = 2.5jjiS 


Current 


ICC2 


1 


20 


t^A 


Stop mode ® 


Supply Current 


•cc 


4 


8 


mA 


tcY = 2.5JJIS 


Voltage 


VcCDR 


2.0 




V 


Stop mode (Vqd, RESET s 0.4V) 



DC Ciiaracteristics: Extended Voltage Range 

T. = -40Xto +85X; Vcc = + 2.5V to + 5.5V; Vss = OV 





Symbol 


LImHs 


Unit 






1 Min 


lyp 


Max 


Test Conditions 


Input Low Voltage 


V,L 


-0.3 




0.18 Vcc 


V 




Input High Voltage 

(All Except XTALI.XTAL 2) 


V,H 


0.7Vcc 




Vcc 


V 




Input High Voltage 
(XTALI.XTAL 2) 


V,H1 


0.8Vcc 




Vcc 


V 




Output Low Voltage 


Vol 






0.45 


V 


ioL = 1.0mA 


Output HighVoitage (Bus. 
RD,WR,^ER.ALE, 
PROG. TO 


VOH 


0.75VCC 






V 


IOH=-100^A 



Output High Voltage (All 
Other Outputs 



V0H1 0.7Vcc 



Port 1. Port 2; 

l0H= -1»aA 

(TVpeO) 

Port 1. Port 2; 
loH=-10^A 
(lypel) 



Output High Voltage 
(Ail Outputs) 


V0H2 


Vcc - 0.5 




V 


loH = -0.2^A 


Input Leakage Current 
(Port 1, Port 2) 


IlLP 


-15 


-40 
-500 


^A 
^lA 


v,Nsv,L(Typeo) 
v,N^v,L(Typei) 


^^..cu^n, 


I.LC 




-40 


jxA 


V,N 2 V,L 


input Leakage Current 
(T1, INT) 


I.L1 




±1 


H.A 


Vss < V,N < Vcc 


input Leakage Current 
(EA) 


•|L2 




±3 


iiA 


Vss < V,N < Vcc 


Output Leakage Current 
(Bus. TO — High impedance 
State) 


•OL 




±1 


i,A 


Vss<Vo<Vcc 


Supply Current 


Icc 


0.8 


1.6 


mA 


Vcc = 3V, 
tcY = IOrS 


Halt Mode Standby 
Current 


lcci 


100 


200 


HA 


Vcc = 3V, 

tcY = lO^LS 


Stop Mode Standby Current 


ICC2 


1 


20 


jtA 





Notes: ® Type and type 1 options apply only to the M-PD80C48, the ^PDBOCSS is type 1 only 
(D Input Pin Voltage is V|n, V,l, or V|n, V|h 



AC Characteristics 

Read, Write and Instruction Fetcii: External Data and Program IMemory 
Ta = -40°Cto H-SSX; Vcc = Vpp = +5V ± 10%; Vss = OV 





Symbol 


Vcc = 


+ 5V± 


10% 


V = 

Min 


f 2.5V to + 5.5V 
Typ Max 


Unit 


Test 




Min 


Typ 


Max 


Conditions 


ALE Pulse Width 


tLL 


400 






2160 






ns 




Address Setup before ALE 


tAL 


120 






1620 






ns 




Address Hold from ALE 


tLA 


80 






330 






ns 


® 


Control Pulse Width 
(PSEN,RD,WR) 


tec 


700 






3700 






ns 




Data Setup before WR 


tow 


500 






3500 






ns 




Data Hold after WR 


twD 


120 






370 






ns 


® 


Cycle Time 


tcY 


2.5 




150 


10 




150 


piS 


6MHZXTAL 


Data Hold 


tDR 







200 







950 


ns 




PSEN, RD to Data In 


tRD 






500 






2750 


ns 




Address Setup before WR 


tAW 


230 






3230 






ns 


® 


Address Setup before Data In 


tAD 






950 






5450 


ns 




Address Float to RD, PSEN 


tAFC 









500 






ns 




Control Pulse to ALE 


tcA 


10 






10 






ns 
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Port 2 Timing 

T. = -40X10 +85X; Vcc = 


+ 5V ± 10% 




















Symboj 


Vcc = 


4SV±10% 


Vcc = 


i-2.SVto+5.5V 


Unit 


Tost 


ParaiiMtor 


MIn 


lyp 


Mmx 


MIn 


Typ 


Max 




Port Control S«tupb«for» 
MllngEdgoofPROQ 


tcP 


110 






860 






ns 




Port Control Hold aftw Falling 
EdgoofPROQ 


tpc 







80 







200 


ns 


® 


PROG to Time P2 Input must 
beVklM 


tpR 






810 






5310 


ns 




Output Dtta Setup Time 


top 


250 






3250 






ns 


(D 


Output Data Hold Time 


tpD 


65 






820 






ns 




Input Data Hold Time 


tpF 







150 







900 


ns 




PROG Pulse Width 


W 


1200 






6450 






ns 




Port 2 I/O Data Setup 


tpL 


350 






2100 






ns 




Port 2 I/O Data Hold 


tLP 


150 






1400 






ns 





® For Control Outputs Cl = 80pF, for Bus Outputs Cl = 150pF 

® Cl = 20pF 

® For Control Outputs Cl = BOpF 

® Refer to the operating characteristic curves for Supply Voltage and Port Control Hold 



BUS Timing Requirements 



Symbol 




Min 


Max 


Unit 


tLL 


(7 / 30) T- 170 


• 




ns 


tAL 


(1/5)T-380 


• 




ns 


tuA 


(1/30)T 


• 




ns 


tec 


(2/5)T-300 


• 




ns 


tow 


(2/S)T-500 


• 




ns 


twD 


(1/30)T+40 


• 




ns 


ton 


(1/10)T-50 




• 


ns 


tRD 


(3 / 10) T- 250 




• 


ns 


tAW 


(2/5)T-770 


• 




ns 


tAD 


(3/5)T-550 




• 


ns 


tAFC 


(1/15)T-165 


• 




ns 


top 


(1/10)T-140 


• 




ns 


tpR 


(3/5)T-690 




• 


ns 


tpF 


(1/10)T-100 




• 


ns 


top 


(2/5)T-750 


• 




ns 


tpD 


(1/10)T-180 


• 




ns 


tpp 


(7 / 10) T- 550 


• 




ns 


tpL 


(7 / 30) T- 230 


• 




ns 


tLP 


(1/6)T-265 


• 




ns 



Notes: T = tcY 

Unlisted parameters are not affected by cycle time 

Timing Waveforms 

Instruction Fetch From External Memory 

tcv 



fc: 



~:^ 



J L 



—L Wc I-'. 



c r *" 'cc *' |* ''CA 



1 r 



J 



-jtoRl*- 



BUS Floating) ^~^ X Floatirig\ ^ X Floating ) ( 



Write to External Memory 
ALE I 1 



"L 



l-tccH 



Bus Floating 



=e 



^, 



y. """"a / 



twD 

tow P • 




Low Power Standby Operation 
1) Halt Mode (When El) 



- < 1 Instr X 'NT Execute 




2) Stop Mode 




OSC starts 



Port 2 Timing 



Read From External Data Memory 



J L 



Address I I 

Bus F'oatingy"\ X Floating X Data X Floating 



•\ tRop— 



Expander l-"^-l''-''h- ^'^^'^ 

Port )[ PC H X"'" *••' '^•X'^ <=o^~' x**"""* °*'yc~ 

Output -^^ '^ '^ '^ — Z?" 

"~ander r* ' ^"^ * ^ I | 

Port DCp£Hl)£EBeE50©C 



Output ' 
PROG ' 



(■•- — <pi 



N 
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^J>D80C48/80C35 

Block Diagram 



Oscillator 
Frequency 



Port 2 Latch (Low 4) 

and Expander 

Port I/O 



Bus Buffer 
Port 2 



Port 2 
Latch 
(High 4) 



Timer and 
Event Counter 



K; 



Higher Program 
Counter (4) 



Resident Program Memory 

ROM PLPD80C48 only 

1024x8 



Expansion to Additional 
External Memory and I/O 



Lower 
Program 
Counter 



Bus Latch 

Low Program 

Counter's Temp 

Register 



Program 
Status 
Word 



8-Bit Internal Bus 



Accumulator Temporary 

(8) Register (8) 



Accumulator 
Latch 



Power 
Supply 



Arithmetic 
Logic Unit 



^+25Vto + 55V 

*- Ground 

Vqq Standby Power Control 



Instruction 
Register/Decoder 



RAM Address 
Register 



Decimal 
Adjust 



Conditional 
Branch 
Logic 



- Test 

- Test 1 

- INT 

- Flag 
. Flag 1 

- Timer Flag 

- Carry 

- Ace 



INT RESET PROG 



Control and Timing 

XTAL XTAL 

EA 1 2 ALE 



TXT 



Low Interrupt Initialize 
Power I/O 

Standby Control Expander 

Strobe 



CPU/Memory 
Separate 



Address 
Latch 
Strobe/ 
Oscillator/ cycle 
Crystal clock 



Program Single 
Memory Step 
Enable 



TT 

Read/Write 
Strobes 






Bus 
Buffer 

and 
Latch 
Porti 



Multiplexer 



Register 2 



Register 3 



Register 4 



Register 6 



Register 7 



8-Level Stack 
(Variable Word Length) 



Optional Second 
Register Bank 



Resident Data Memory — RAM 
(64 x 8) 



Note: M,PD80C35 does not include ROM 



Absolute AAaximum Ratings* 




T. = asx 


Operating Temperature, Topt 


-40Xto+85''C 




-65°Cto+150X 


Storage Temperature (Plastic Paclcage), Tstg 


-65Xto+125°C 


Voltage on Any Pin, V,/o Vgs 


- 0.3V to Vcc + 0.3V 


Supply Voltage, Vcc 


Vss-0.3to+10V 


Power Dissipation, Pq 


0.35W 



*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 
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Operating Characteristic Curves 

Output High Current vs. Output High Voltage 



5 -200 
O 











Vcc = 


4 5V 








Vtyp 








^ 


^ 


\ 


\ 





Output High Voltage, Vqh (V) 

Output High Current vs. Supply Voltage 

-150-15 



5 -100-10 



I 









1 


VoH, = 2 4V 










/ 










/ 












' 







3 4 5 6 

Supply Voltage, Vcc (V) 



Output Low Current vs. Supply Voltage 











Vol = 45V 










/ 






/ 










-4S 













2 3 4 5 

Supply Voltage. Vcc (V) 



Output High Cunent vs. Output High Voltage 











Vcc = 4 5V 




\ 










\ 


\ 


\, 


yyp 










.\ 


\^ 


\ 





Output High Voltage, Vqhi (V) 

Output High Current vs. Supply Voltage 











VoH2-Vcc-0 5V 












/ 


/ 




.1 — 


y 


/ 


/ 







Supply Voltage, Vcc (V) 

Output Low Current vs. Output Low Voltage 





Vcc = 


= 4 5V 


/ 


/ 




/ 







Output Low Voltage, Vql (V) 
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Operating Characteristic Curves (Cont.) 

Supply Current vs. Oscillation Frequency 



05 
03 









Vcc = 3V 






Ice Max 


y 










^Typ 




y' 


y^ 








y^ 


^ 


,.- ' 


IcciMax 




^.' 


■' 


^.- ' 


IcciTyp 




.-' 


'' 



















01 2 0.5 1 2 

Oscillation Frequency, f(MHz), (f = IS/tcy) 



Cycle Time vs. Supply Voltage 

















"°° 


















100 
50 

20 


































Op 


•ration G 


jarantee 
Area 




























^ 


\ 
















\ 


s^ 
















1 















Port Control Hold After PROG, tpc Max (^xPD80C48), and Address to 
Output Delay, face Min (\xPD82C43), vs. Supply Voltage 



g J 200 

CC 3^ 

0. « 

< 3 

■a a- 150 

X o 

g S 

Is w 

c <o 



100 

















\ 












\ 


^PD82C43: 
S<acc Mm 

^\ 






^PD80C48 NvN 
tp,Max \ 


\^ 


N 










^ 



















si 



2 3 4 5 6 

Supply Voltage, Vcq (V) 

Current Consumption as a Function of Temperature — Normal 
Operating Mode 











f = 6MHz 
Vcc = 5 5V 








^"----^ 


- 




























-__Jcc^ 












Halt Mode 



2 3 4 5 

Supply Voltage, Vcc (V) 



-40 25 

Temperature, Tg (°C) 



Supply Current vs. Oscillation Frequency® 



8 
5 

2 










V 




iSV 










^ 


y 






^" 


Ice Max 


■ccTV^ 


y 






y"^ 












05 

02 
01 

no5 


,.'-'' 








Icci Ma) 






^.-' 




.- '' 


^ ^ 


IccTyP 


^ 




^. ' 




' ' 


^ 








'' 















01 02 05 1 2 4 

Oscillation Frequency, f(MHz), (f = 15/tcY) 



Current Consumption as a Function of Operating Frequency - 
Normal Operating Mode 



10 




















V( 


;c 


= 55 


V 






























8 




















/ 
























^ 










6 
















^ 


z' 
























^ 








^ 




F 1 














Max/ 






Z' 


X 






H 


















y 










2 












.' 


y 


< 














^ 


y 


y 




y 


y 


















































































- 

















2 0.5 1 2 

Oscillator Frequency (MHz) 



Note: (D External oscillation is assumed for frequency less than IMH? 
Internal oscillation requires more power 
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Operating Characteristic Curves (Cent.) 

Current Consumption as a Function of Temperature — Stop Mode 











Vcc = 5 5V 




/ 


/ 


>/^ax 


/ 


/ 


/ 




/ 


^ 


Typ 



-40 25 85 

Tempel-ature, T^ (°C) 



Pacicage Outlines 

For information, see Pacicage Outline Section 7. 

Plastic, |a,PD8048HC/35HLC 
Ceramic, |xPD8048HO/35HLD 
Plastic Shrinkdip, M.PD80C48C 
Plastic IVIiniflat, |jlPD80C48G/C35G 




80C48/80C35DS-REV1-10-83-L-8K 
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NEC 



|xPD8049H/^PD8749H/|ulPD8039HL 

HIGH PERFORMANCE 

SINGLE CHIP 8-BIT MICROCOMPUTERS 



Description 

The NEC ^-PD8049H. ^jlPD8749H and ^jlPD8039HL are sin- 
gle chip 8-bit microcomputers. The processors differ only in 
their internal program memory options: the |jlPD8049 has 
2K X 8 bytes of mask ROM, the |xPD8749 has 2K x 8 of 
UV erasable EPROM and the fxPD8039HL has external 
program memory. 

Features 

n High performance 11 MHz operation 

n Fully compatible with industry standard 8049/8749/8039 

D Pin compatible with the ^jiPD8048/8748/8035 

□ HMOS silicon gate technology requiring a single + 5V 
±10% supply 

n 1-36 |jls cycle time. All instructions 1 or 2 bytes 
n Programmable interval timer/event counter 
n 2K X 8 bytes of ROM, 128 x 8 bytes of RAM 

□ External and internal interrupts 

n 96 Instructions: 70 percent single byte 
n 27 I/O lines 

□ Internal clock generator 

n Expandable with 8080A/8085A peripherals 

n Available in both ceramic and plastic 40-pin packages 



Pin Configuration 



^oC 


1 


^^ 


40 


3Vpp 


XTAL 1 C 


2 




39 


3< 


XTAL2C 


3 




38 


3P27 


RESET C 


4 




37 


DP26 


ssc 


5 




36 


3 P25 


INT C 


6 




35 


3P24 


EAC 


7 




34 


DP17 


RDC 


8 


^.PD 


33 


DP16 


PSEN C 


9 


8049H/ 


32 


3 P15 


WR C 


10 


8749H/ 


31 


3P14 


ALEC 


11 


8039HL 


30 


DP13 


DBqC 


12 




29 


DP12 


db"c 


13 




28 


DP11 


db;c 


14 




27 


3 P10 


DB^C 


15 




26 


=1^00 


DB^C 


16 




25 


Dprog 


DB,C 


17 




24 


DP23 


DB^C 


18 




23 


DP22 


DB^C 


19 




22 


Dp21 


VssC 


20 




21 


3 P20 



Pin Identification 


Pin 


No. 


Symbol 




1 


To 


Testable input using conditional transfer functions JTO and JNTO. 
The internal State Cioclt (CLK) is available to To using the ENTO 

testable flag. 


2 


XTAL1 


One side of the crystal, LC, or external frequency source. (Non-TTL 
compatible V.hO 


3 


XTAL 2 


The other side of the crystal or LC frequency source. For external 
sources, XTAL 2 must be driven with the logical complement of the 
XTAL 1 input. 


4 


RESET 


Active low input from processor initialization. RESET is also used 
for PROM programming verification and power-down (non-TTL 
compatible \^^^^). 


5 


SS 


Single Step input (active-low). SS together with ALE allows the 
processor to "single-step" through each instruction in program 
memory. 


6 


INT 


Interrupt input (active-low). INT will start an interrupt if an enable 
interrupt instruction has been executed. A reset will disable the 
interrupt. INT can be tested by issuing a conditional jump 
instruction. 


7 


EA 


External Access input (active-high). A logic "1 " at this input com- 
mands the processor to perform all program memory fetches from 
external memory. 


8 


RD 


READ strobe outputs (active-lqw). RD will pulse low when the pro- 
cessor performs a BUS READ. RD will also enable data onto the 
processor BUS from a peripheral device and function as a READ 
STROBE for external DATA MEIWORY. 


9 


PSEN 


Program Store Enable output (active-low). PSEN becomes active 
only during an external memory fetch. 


10 


WR 


WRITE strobe output (active-low). WR will pulse low when the pro- 
cessor performs a BUS WRITE. WR can also function as a WRITE 
STROBE for external DATA IWIEIWORY. 


11 


ALE 


Address Latch Enable output (active-high). Occurring once each 
cycle, the falling edge of ALE latches the address for external 



12-19 D0-O7 BUS 8-bit, bidirectional port. Synchronous reads and writes can be per- 
formed on this port using RD and WR strobes. The contents of the 
Dg-Dy BUS can be latched in a static mode. 
During an external memory fetch, the D n-D? B US holds the least 
significant bits of the program counter. PSEN controls the incom- 
ing addressed instruction. Also, for an external RAM data store 
instruction the D0-D7 BUS, controlled by ALE, RD and WR, con- 
tains address and data information. 



20 


Vss 


Processor's GROUND potential. 


21-24, 
35-38 


Paff-Pjy: 
PORT 2 


Port 2 IS the second of two 8-bit quasi-bidirectional ports. For 
external data memory fetches, the four most significant bits of 
the program counter are contained in P20-P23- Bits P20-P23 a*^ 
also used as a 4-bit I/O bus for the plPD8243, INPUT/OUTPUT 
EXPANDER. 


25 


PROG 


PROG IS used as an output strobe for jxPD8243s during I/O expan- 
PROG pan can be allowed to float. 


26 


Vdd 


Vdd is used to provide + 5V to the 128 x 8-bit RAM section During 
normal operation Vcc "^"St also be + 5V to provide power to the 
other functions in the device. During stand-by operation Vqd must 
remain at + 5V while Vcc "S at ground potential. 


27-34 


P0RT1 


Port 1 1S one of two 8-bit quasi-bidirectional ports 


39 


T1 


Testable input using conditional transfer functions JT1 and JNT1. 
T1 can be made the counter/timer input using the STRT CNT 
instruction. 


40 


Vcc 


Primary Power supply. Vqc is + 5V during normal operation 
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Functional Description 

The NEC fxPD8049H, fxPD8749H and the fjLPD8039HL are 
high performance, single component, 8-bit parallel microcom- 
puters using H-channel silicon gate MOS technology. The 
|jlPD8049H family functions efficiently in control as well as 
arithmetic applications. The powerful instruction set eases bit 
handling applications and provides facilities for binary and 
BCD arithmetic. Standard logic functions implementation is 
facilitated by the large variety of branch and table look-up 
instructions. 

The instruction set is comprised of 1 and 2 byte instructions, 
most of which are single-byte. The instruction set requires 
only 1 or 2 cycles per instruction with over 50 percent of the 
instructions single-cycle. 

The |xPD8049H family of microprocessors will function as 
stand-alone microcomputers. Their functions can easily be 
expanded using standard 8080A/8085A peripherals and 
memories. 



The |jlPD8049H contains the following functions usually found 
in external peripheral devices: 2048 x 8 bits of mask ROM 
program memory; 128 x 8 bits of RAM data memory; 27 I/O 
lines; an 8-bit interval timer/event counter; and oscillator and 
clock circuitry. 

The |jiPD8749H differs from the |jlPD8049H in its 2048 x 8-bit 
UV erasable EPROM program memory instead of the mask 
ROM memory It is useful in preproduction or prototype 
applications where the software design has not yet been final- 
ized or in system designs whose quantities do not require a 
mask ROM. 

The fxPD8039HL is intended for applications using external 
program memory only It contains all the features of the 
|ljlPD8049H except for the internal ROM. The external pro- 
gram memory can be implemented using standard 
8080A/8085A memory products. 



Biocic Diagram 



Power Supply 



' ^Voo |Vcc ♦Vss 

Program +5V Ground 
Supply (Low Power 



Expansion to Additional 
External Memory and I/O 




RESET PROG 



rr 

. > . Initiaiize 



Control and Timing 
XTAL XTAL 
EA 1 2 



Interrupt 



CPU/Memory 
S^Mrate 
PROIM/Expander Oscillator/ 

Strobe Crystal 



Address J I 11 

I m^, Program Single Read Write 

sclllator/ ^il^'Tr Memory Step Stroties 



Resident Data Memory — RAM 
(128x8) 



Note: |xPD8039H does not include ROM. 
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Absolute Maximum Ratings* 




Ta = as'C 


Operating Temperature 


0°Cto +70°C 


Storage Temperature (Ceramic Package) 


-65°Cto+150°C 




-65°Cto+150°C 


Voltage on Any Pin 


-0.5V to +7V© 


Power Dissipation 


1.5W 



AC Ciiaracteristics 

Ta = 0°Cto+70°C,Vcc = Vdd = 5V ± 10%, Vss = 



OV 



Hote: ® With respect to ground. 

*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause permanent 
damage. The device is not meant to be operated under 
conditions outside the limits described in the operational 
sections of this specification. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 



DC Characteristics 

Ta = 0°Cto+70X;Vcc 


= VoD 


= +5V± 


10%;Vss = 0V 




Symbol 


i 


limHs 


Unit 






Min 


tvp 


Max 


Test Conditions 


Input Low Voltage 

(All Except XTAL 1, XTAL 2) 


V,L 


-0.5 




0.8 


V 




Input High Voltage 

(All Except XTAL 1, XTAL 2, RESET) 


V,H 


2.0 




Vcc 


V 




Input High Voltage 
(RESET, XTAL 1, XTAL 2) 


V,H1 


3.8 




Vcc 


V 




Output Low Voltage (BUS, RD, 
WR, PSEN, ALE) 


Vol 






0.45 


V 


loL = 2.0 mA 


Output Low Voltage (All Other 
Outputs Except PROG) 


V0L1 






0.45 


V 


lot = 2.0 mA 


Output Low Voltage (PROG) 


V0L2 






0.45 


V 


loL = 2.0 mA 


Output High Voltage (BUS) 


VOH 


2.4 






V 


loH = -400jxA 


Output High Voltage (RD, 
WR, PSEN, ALE) 


VOHI 


2.4 






V 


loH = -400JJLA 


Output High Voltage (All 
Other Outputs) 


V0H2 


2.4 






V 


loH = -40,xA 


Input Leakage Current 
(Ti,EA,INT) 


I.L 






±10 


(.A 


Vss^ViN^Vcc 


input Leakage Current 
P10-17,P20-27,EA,SS 


I.L1 




- 


-500 


,xA 


Vss + .45 ^ V,N « 
Vcc 


Output Leakage Current 

(BUS, To — High Impedance State) 


loL 






±10 


,xA 


VccS=V,nS=Vss + 
0.45V 


Power Down Supply Current 


Idd 




5 


10 


mA 


T, = 25-C 


Total Supply Current 


"cc 




80 


110 


mA 


Ta = 25"'C 



DC Characteristics for Programming 

Ta = 25°C ± 5°C; Vcc = +5V ± 5%; Vpp = +21V ± 0.5V 





Symbol 




LimHs 






Min 


tvp 


Max 




Vdd Program Voltage High Level 


Vddh 


20.5 




21.5 


V 


Vdd Voltage Low Level 


Vddl 


4.75 




5.25 


V 


PROG Program Voltage High Level 


VpH 


17.5 




18.5 


V 


PROG Voltage Low Level 


VpL 






4.0 


V 


EA Program or Verity Voltage 
High Level 


Veah 


17.5 




18.5 


V 


Vdd High Voltage Supply Current 


Idd 






20.0 


mA 


PROG High Voltage Supply Current 


'prog 






1.0 


mA 


EA High Voltage Supply Current 


>EA 






1.0 


mA 





Symbol 


Limits 




Unit 


f(tcY) and Test 




llfin TVP 


Max 


ALE Pulse Width 


tLL 


150 




ns 


7/30 tcY -170 


Addr Setup to ALE 


tAL 


70 




ns 


2/15tcY-110 


Addr Hold from ALE 


tLA 


50 




ns 


1/15 tcY -40 


Control Pulse Width (RD, WR) 


tcci 


480 




ns 


1/2tcY-200 


Control Pulse Width (PSEN) 


tc02 


350 




ns 


2/5tcY-200 


Data Setup before WR 


tow 


390 




ns 


1 3/30 tcY -200 


Data Hold after WR 


twD 


40 




ns 


1/15tcY-50(D 


Data Hold (RD, PSEN) 


toR 





110 


ns 


1/10 tcY -30 


RD to Data in 


tpDI 




350 


ns 


2/5tcY-200 


PSEN to Data in 


tRD2 




210 


ns 


3/10tcY-200 


Addr Setup to WR 


tAW 


300 




ns 


1/3 tcY -150 


Addr Setup to Data (RD) 


tADI 




750 


ns 


1 1/15 tcY -250 


Addr Setup to Data (PSEN) 


^AD2 




480 


ns 


8/15tcY-250 


Addr Float to RD,WR 


tAFC1 


140 




ns 


2/15tcY-40 


Addr Float to PSEN 


fAFC2 


10 




ns 


1/30tcY-40 


ALE to Control (RD,WR) 


tLAFCI 


200 




ns 


1/5tcY-75 


ALE to Control (PSEN) 


tLAFC2 


50 




ns 


1/10tcY-75 


Control to ALE (RD,WR, PROG) tcAi 


50 




ns 


1/15 tcY -40 


Control to ALE (PSEN) 


tcA2 


320 




ns 


4/15tcY-40 


Port Control Setup to PROG 


tcP 


100 




ns 


1/10 tcY -40 


Port Control Hold to PROG 


tpc 


160 




ns 


4/15tcY-200 


PROG to P2 Input Valid 


tpR 




550 


ns 


17/30 tcY -120 


Input Data Hold from PROG 


tpF 





140 


ns 


1/10 tcY 


Output Data Setup 


tDP 


400 




ns 


2/5tcY-150 


Output Data Hold 


tpD 


90 




ns 


1/10tcY-50 


PROG Pulse Width 


tpp 


700 




ns 


7/10tcY-250 


Port 2 I/O Setup to ALE 


tpL 


180 




ns 


4/15tcY -200 


Port 2 I/O Hold to ALE 


ttP 


40 




ns 


1/10 tcY -100 


Port Output from ALE 


tpv 




510 


ns 


3/10 tcY -100 


Cycle Time 


tcY 


1.36 




(JiS 


11MHz 


I/O Rep Rate 


toPRR 


270 




ns 


3/15 tcY 



Notes: ® Control Outputs CL = 60pF 
BUSOutputsCL = 150pF 
(D BUS High Impedance Load 20pF 
® Calculated values will be equal to or better than published 8049 values. 



AC Characteristics for Programming 

Ta = 25°C ± 5°C; Vcc = +5V ± 5%; Vdd = +21V ± 0.5V 






Symbol 


Limits 






Parameter i 


JIfin TVP 


Max 


Unit Test Conditions 


Address Setup Time to 
RESET t 


tAW 


4tcY 






Address Hold Time After 
RESET t 


twA 


4tcY 






Data m Setup Time to PROG t 


tDW 


4tcY 






Data in Hold Time After 
PROG i 


twD 


4tcY 






RESET Hold Time to Verify 


tpH 


4tcY 






Vdd 


tvDDW 





1.0 


ms 


Vdd Hold Time After PROG i 


*VDDH 





1.0 


ms 


Program Pulse Width 


tpw 


50 


60 


ms 


Test Setup Time for 
Program Mode 


tTW 


4tcY 






Test O Hold Time After 
Program Mode 


twT 


4tcY 






Test to Data Out Delay 


too 




4tcY 




RESET Pulse Width to Latch 


tww 


4tcY 






Vdd and PROG Rise and Fall 
Times 


trt, 


0.5 


100 


(JLS 


CPU Operation Cycle Time 


tcY 


4.0 


15 


(XS 


RESET Setup Time before EA t 


tRE 


4tcY 







Notes: ® Control Outputs CL = 60pF 
BUSOutputsCL = 150pF 
® BUS High Impedance Load 20pF 
® Calculated values will be equal to or better than published 8049 values. 
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Timing Waveforms 

Instruction Fetch from External Memory 

^_ — . J 



ALE r 



— H *AFC2 k-tcC2 -«4«-tcA2-*H 



1- 



I -^tpB U- 

BUS Floating ^y X^loating )(~"^^]^ Floating ) ( 



"°^| Instruction 



Read from External Data Memory 

r *cY 



\_ 



sd 1 r^ 

Address I 

Bus Floating)(^\ X F'oa^'"g X P^ta X Floating" 



-tAI 



HtR 



Bl/S Output Low Voltage vs. Sink Current 



3mA 




TVP 

1 




?mA 







Vcc = ^ 


1mA 

















OV 2V 4V 

VOH 



Write to External Memory 

ALE I 1 



'-^tLAFC1-^h"tcci -H-^tcA1-^l 



J L 



WR 



A 



^> 



Bus Floating ){ i )(Tloating )CData )(~ Floating 



Port 2 Timing 

ALE / ^ 



Expander _ 
Port 
Output " 

Expander 
Port 
Input 



-IP 



nder l"'"^- ''■" K- l-»^"V- 

Port IXI^D^EE?^^E)&^C 



j ( PCHj('^'«2o^Dit^Port Centre^ 

%rl^ 



Waveforms for Programming the iiPD8749H 



DBo-DB7^.. 



/ Data To Be 



Programmed Valid 



+20V 



(0-7) V 



-VERIFY -H- PROGRAM- 



■A r 



Data Next Address 

-^too-H Valid 



-^too-H Valid V&lid 



»DD - 



+5V 



*VDDW -• 

:r 



Address (8-9) Valid 



'VODH 
♦twT- 



" ^ftoct Address 



two 



'ov ^ 



tHd... 



Program/Verify Timing (ROM/EPROM) 

To 



DB0-DB7 



S , / Data Out V. 

Address (0-7)\5lid Valid 



-- < ^ y ^ y »- ^NextAddress^ 



_/ NextData\ 
Outy^lid 



Port P1 & P2 Output High Voltage vs. Source Current 



loHz 








100mA 






Vcc = 


SOpA 




TVP 










\ 



OV 2V 4V 

Vqhz 



BUS Output High Voltage vs. Source Current 











TVP 

f 


Vcc = 4 















OV IV 2V 

Vol 
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Symbol Definitions 



Symbol 




A 




AC 


The Auxiliary Carry Flag 


addr 


Program Memory Address (12 bits) 


Bb 


Bit Designator (b = 0-7) 


BS 


The Bank Switch 


BUS 


The BUS Port 


c 


Carry Flag 


CLK 


Clock Signal 


CNT 


Event Counter 


D 


Nibble Designator (4 bits) 


data 


Number of Expression (8 bits) 


DBF 


Memory Bank Fllp-Flop 


Fo.Fi 


Flags 0,1 


1 Interrupt 


P 


"In-Page" Operation Designator 


Pp 


Port Designator (p = 1, 2 or 4 - 7) 


PSW 


Program Status Word 


Rr 


Register Designator (r = 0, 1 or - 7) 


SP 


Stack Pointer 


T 


Timer 


TF 


Timer Flag 


To,Ti 


Testable Flags 0,1 


X 


External RAM 


= 


Prefix for immediate Data 


@ 


Prefix for Indirect Address 


$ 


Program Counter's Cument Value 


(X) 


Contents of External RAM Location 


((X)) 


by the Contents of External RAM Location 


- 


Replaced By 



Logic Symbol 







fxPD 
8049H/ 
8749H/ 
8039HL 




XTAL- 






Reset 


1 


" 8 '^°'^^ 


Single 

Step 

External 

Memory 




-Write 






^ Program Stow 






Enable 


Test- 




, ArirlwcQ 1 afh 






Enable 


Bus 






8 


Strobe 
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Instruction Set 



Instruction Code Flags 
Mnemonic Function Description D7 Dg D5 D4 D3 b, D^ Dq Cycles Bytes C AC FO F1 


Accumulator 


AOOA, = .«. ,A,.,A,.<.a. A^.»»;«.«».pec.«.Oa.».Ke , ,^ , , . 


"»*■-" !JJr='o'-r rCSSr*""^"^"^*" O 1 , » , r , r 1 


-*-®'" '^ry'^^r rs^ss„Tri^rr. « , , » « « o . i , . 


Anrv^A _ Ho»- tA\ /A\ J. /r«\ J. ^«»« Add Immediate with carry the specif ied 00010011 , o. 
ADDCA, = data (A) - (A) + (C) + data data to the Accumulator. d^ dg dg d4 dj dj di do ^ ^ * 


ADDCA.Rr (A) ^ (A) + (C) + (Rr) Add with carry the contents of the n 1 1 1 1 r r r 1 1 • 
ADDCA,Rr forr = 0-7 designated register to the Accumulator. i i i i r r r i i • 


«»c*.®- ^^r^rr^^'"" z'^is^t^s^jl.. » , , , » » o , , , . 


ANLA,.... ,A,MA,«.o... isg^ii's^''-"-™-'"''^ I ; i ; .° I I ; ^ ^ 


it'n.'^'-T"'" isiss-rr.r'"^ « < » i 


for r = - 1 memory with Accumulator. 


CPLA (A) ^ NOT (A) A^SimuTatol.**'* *'°"**"*^ °"''* 110 111 1 1 


CLRA (A)^0 CLEAR the contents of the Accumulator. 10 111 1 1 


DAA SSulato?'"^^''''^"''"*'"'*'' 10 10 1111 1 . 


DEC A (A)^(A)1 DECREMENTbyltheAccumulators o 1 1 1 1 1 


INC A (A)*-(A) + 1 ^nwement by 1 the Accumulators 10 111 1 1 


on.^=a«. ,A,.,A,oR.a. ssruirr™"""*" I I I I I I I ; ^ ^ 


'^r^rr s.^s^^Ac-rrr"""" 0100,,^,, , 


ORLAORr (A) ^ (A) OR ((Rr)) Logical OR Indirect the contents of data q i n r 1 1 
ORLA,@Rr forr = 0-1 memory location with Accumulator. 1 r 1 1 


RLA (^)i(A,T^''''^ RotateAccumuiatorleftbyl-bitwithout ^ ^ i o 1 1 1 1 1 
forN = 0-6 ^'^"^• 


(AN + 1) ^ (AN); N = - 6 - . . .^„^„.^^, ,„„ u„ . hit thmnnh 
RLCA (Ao)-(C) Rotate Accumulator left by 1-bit through i i i i q 1 1 1 1 1 • 

(C)-(A7) ^"^^y- 


OR A (AN)^(AN + 1);N = 0-6 Rotate Accumulator right by 1-bit 1110 111 1 1 
""'^ (A7)-(Ao) withoutcarry 1110 111 1 1 


(AN) *- (AN + 1); N = - 6 « Arcumulator ricM bv 1 bit 
(C)-(Ao) throughcarry. 


SWAP A (A4.7)-(Ao-3) A^Cutato*"'*'*""""*^'"*''^ 10 111 1 1 


^^-^ ,A,.(A,xoRd«= isa'tcruK"""""'""''"'' ; ; i ; .° i i ; ^ ^ 


XRLARr (A) ^ (A) XOR (Rr) Logical XOR contents of designated i i n i i r r r i i 
XRLA,Rr forr = 0-7 register with Accumulator 1 1 1 1 r r r 1 1 


xRL^^RT srJo'T'™ s?;',ssr':s,TcS™s,r*^ i , » , o « « , , 


Branch 


niM-7B, o^^, ?/2ri''ft!~^''^^°~^ Decrement the specified register and 1 1 1 1 r r r 2 2 
DJNZRr,ad<.r J,(*)f«-^_^, testcontents. "^ "= a, a, a, a. a, a, a, a. 


iBbadrir (PC0-7)^addrlfBb = 1 Jump to specified address if Accumulator bj b, bo 1 1 2 2 
(PC)*-(PC) + 2ifBb = bit IS set. 87 ag ag a^ 83 aj ai ao 


jraddr (PC0-7)^addrifC = 1 Jump to specified address if carry flag 11110 110 2 2 
(PC)^(PC) + 2ifC = is set. 87 ae ag 84 83 83 a, 80 


JFOaddr (PC0-7)^addrifF0 = 1 Jump to specif led address if Flag FO is 10 110 110 2 2 
(PC)^(PC) + 2ifF0 = set. 87 a^ 85 84 83 a^ a, 80 


,p. .. (PC0-7)«-addrifF1 = 1 Jump to specified address if Flag F1 is 1110 110 2 2 
(PC)<-(PC) + 2ifF1 =0 set. 87 86 8s 84 83 83 a, So 


jMPaddr (Pc5:^l7d'dfo'-V° StZi°.X'.!''' ''''^'' '"'''" y I' ? ! ! 1 ! ! ^ ' 

(PC 11)^ DBF the 2K address blocl<. 87 ag ag 84 83 83 a^ ao 


JMPP@A (PC 0-7)^ ((A)) Jump md^^Uo specified address with f 1 1 1 1 2 1 


iwraddr (PCO - 7)*-addrifC = Jump to specif led address if carry flag 1110 110 2 2 
(PC)^(PC) + 2ifC = 1 IS low. 87 86 85 84 83 82 81 80 


,„, .. (PC0-7)^8ddrifl = Jump to specified address If interrupt 10 110 2 2 

(PC)^(PC) + 2ifi = 1 is low 87 86 85 84 83 32 a, 80 
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Instruction Set tCont.) 





Function 




D, 


«>6 


Instruction Code 
Ds D4 D, Da 


Di 


Do 


Cycles 


Bytes C 


Flags 
AC FO F1 


Branch (Cont.) 


JNTOaddr 


(PC0-7)^addrifT0 = 
(PC) ^ (PC) + 2 if TO = 1 


Jump to specified address if Test is low. 




a? 




36 


1 
35 




84 




33 


32 


I 




30 


2 


2 




JNT1 addr 


(PC -7)^ addr if T1 =0 
(PC)^(PC) + 2ifT1 =1 


Jump to specified address if Test 1 is low. 




a? 


1 
36 




35 




34 




33 


32 


3l 




30 


2 


2 




JNZ addr 


(PC0-7)^addrifA*0 
(PC)^(PC) + 2ifA = 


Jump to specified address if Accumulator 
is non-zero. 


1 

a? 




36 




35 


1 
34 




83 


32 


I 




3o 


2 


2 




JTFaddr 


(PC0-7)^addrifTF = 1 
(PC)^(PC) + 2ifTF = 


Jump to specified address if Timer Flag is 
set to 1. 




ay 




36 




35 


1 
34 




33 


32 


a, 




3o 


2 


2 




JTOaddr 


(PC0-7)^addrifT0 = 1 
(PC) ^ (PC) + 2 if TO = 


Jump to specified address if Test is a 1 . 




a7 




ae 


1 
35 


1 
34 




33 


32 


3i 




3o 


2 


2 




JT1 addr 


(PC -7)^ addr If T1 =1 
(PC)^(PC) + 2ifT1 =0 


Jump to specified address if Test 1 is a 1 . 




ay 


1 

36 




35 


1 
34 




33 


32 


3i 




3o 


2 


2 




JZaddr 


(PC0-7)^addrifA = 
(PC)<-(PC) + 2lfA = 


Jump to specified address if Accumulator 
ISO. 


1 

a/ 


1 
36 




35 




34 




33 


32 


3i 




3o 


2 


2 




Control 


ENI 





















1 





1 


1 


1 




DISI 




Disable the External Interrupt input. 
















1 





1 


1 


1 




ENTOCLK 




Enable the Clock Output pin TO. 







1 







1 





1 


1 


1 




SELMBO 


(DBF)^0 


Select Bank (locations - 2047) of 
Program Memory. 


1 




1 







1 





1 


1 


1 




SEL MB1 


(DBF)^1 


Select Bank 1 (locations 2048 - 4095) of 


1 




1 







1 





1 


1 


1 




SEL RBO 


(BS)<-0 


Select Bank (locations - 7) of 
Data Memory. 


1 












1 





1 


1 


1 




SEL RB1 


(BS)-1 


Select Bank 1 (locations 24 - 31) of 
Data Memory. 


1 












1 





1 


1 


1 




Data Moves 


MOV A, =:data 


(A) ^ data 


the Accumulator. 




d7 




d6 


d5 




d4 



d3 



d2 


1 

di 


do 


2 


2 




MOVA,Rr 


(A)^(Rr);r = 0-7 


registers into the Accumulator. 




1 




1 


1 


r 


r 




1 






MOVA,@Rr 


(A)^((Rr));r = 0-1 


Move Indirect the contents of data 
memory location into the Accumulator. 




1 




1 













1 






MOVA,PSW 


(A)^(PSW) 


Move contents of the Program Status 
Word mto the Accumulator. 




1 










1 


1 




1 






MOV Rr, = data 


(Rr)^data;r = 0-7 


Move Immediate the specified data into 


dy 



d6 


ds 


1 

d4 


1 

d3 


r 
d2 


r 
di 


do 


2 






MOVRr,A 


(Rr)^(A);r = 0-7 


Move Accumulator Contents into the 
designated register. 












1 


r 


r 




1 






MOV @ Rr, A 


((Rr))^(A);r = 0-1 


Move Indirect Accumulator Contents 
into data memory location. 























1 






MOV @ Rr, = data 


((Rr))^data;r = 0-1 


data memory. 


t*7 




d6 


ds 


1 
d4 




d3 



dj 



di 


do 


2 






MOVPSW.A 


(PSW).-(A) 


Move contents of Accumulator into the 




1 




1 





1 


1 




1 






MOVPA,@A 


(PC0-7)^(A) 
(A)^((PC)) 


Move data in the current page into the 
Accumulator. 


















1 




2 






M0VP3A,@A 


(PC 0-7)^ (A) 

(PC8-10)<-011 

(A)^((PC)) 


Move Program data in Page 3 into the 
Accumulator. 




1 













1 




2 






MOVXA,@R 


(A)*-((Rr)),r = 0-1 


data memory into the Accumulator. 























2 






MOVX @ R, A 


((Rr))^(A);r = 0-1 


Move Indirect the contents of the 









1 













2 






XCHA,Rr 


(A)^(Rr);r = 0-7 


Exchange the Accumulator and 
designated register's contents. 












1 


' 


•■ 




1 






XCH A, @ Rr 


(A)^((Rr));r = 0-1 


lator and location in data memory. 























1 






XCHDA,@Rr 


(A0-3)^((Rr)(0-3)); 
r = 0-1 


Accumulator and data memory. 










1 













1 






Flags 


CPLC 


(C)^NOT(C) 


Complement content of carry bit. 







1 










1 






1 • 




CPLFO 


(FO)^NOT(FO) 


Complement content of Flag FO 










1 
















• 


CPLF1 


(F1)^N0T(F1) 


Complement content of Flag F1 . 







1 


1 
















• 


CLRC 


(C)-0 


Clear content of carry bit to 0. 










1 







1 






1 • 




CLRFO 


(F0)-0 


Clear content of Flag too. 



























• 


CLRF1 


(F1)-0 


Clear content of Flag 1 to 0. 







1 



















• 
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Instruction Set (Cont.) 





Function 




Oj 


De 


Instruction Code 
Ds D4 D3 Da 


Di 


Do 


Cycles 


Bytes C 


Flags 
AC FO F1 


Input/Output 


ANL BUS, = data 


(BUS) ^ (BUS) AND data 


Logical and Immediate-specified data 
with contents of BUS. 


1 
d7 






ds 


1 
d4 


d3 



d2 




di 




do 


2 


2 




ANL Pp, = data 


(Pp)^(Pp) AND data 
p = 1-2 




<l7 



de 



ds 


1 
d4 


da 



d2 


P 
di 


do 


2 


2 




ANLD Pp, A 


(Pp)^(Pp)AND(A0-3) 
p = 4-7 


Logical and contents of Accumulator with 










1 




1 


P 




2 


1 




IN A, Pp 


(A)^(Pp);p = 1 -2 


into Accumulator 


















P 




2 


1 




INS A, BUS 


(A) -(BUS) 


Input strobed BUS data into Accumulator. 























2 


1 




MOVD A, Pp 


(A0-3)-(Pp);p = 4-7 
(A4-7)-0 


into Accumulator. 















1 


P 




2 


1 




MOVD Pp, A 


(Pp)-A0-3;p = 4-7 


Move contents of Accumulator to 
designated port (4 -7). 







1 


1 




1 


P 






1 




ORL BUS, = data 


(BUS) -(BUS) OR data 


Logical or Immediate specified data with 
contents of BUS. 


dy 



de 



ds 



d4 


da 



d2 




di 


do 




2 




ORLDPp,A 


(Pp)-(Pp)OR(A0-3) 
p = 4-7 


Logical or contents of Accumulator with 















1 


P 


P 




1 




ORL Pp, = data 


(Pp)-(Pp)ORdata 
p = 1-2 


Logical or Immediate specified data with 
designated port (1 -2). 


dr 



de 



ds 




d4 


da 



d2 


P 

di 


P 

do 




2 




OUTL BUS, A ® 


(BUS)- (A) 


Output contents of Accumulator onto 
BUS 




















1 







1 




OUTL Pp, A 


(Pp)-(A);p = 1-2 


Output contents of Accumulator to 








1 


1 


1 





P 


P 




1 




Registers 


DECRr,(Rr) 


(Rr)-(Rr)-1;r = 0-7 


register. 


1 


1 








1 


r 


>■ 


r 


1 


1 




INCRr 


(Rr)-(Rr) + 1;r = 0-7 


register 











1 


1 


r 


f 


r 


1 


1 




INC (5) Rr 


((Rr))-((Rr)) + 1; 
r = 0-1 


Increment Indirect by 1 the contents of 
data memory location. 











1 











r 


1 


1 




Subroutine 



((SP))-(PC),(PSW4-7) 
(SP)-(SP) + 1 
(PC8-10)-addr8-10 
(PCO-7)— addrO-7 
(PC 11) -DBF 



Call designated Subroutine. 





ao 



RET 


(SP)-(SP)- 
(PC)-((SP)) 


1 


Return from Subroutine without 
restonng Program Status Word. 


1 

















1 


1 


2 1 


RETR 


(SP)-(SP)- 
(PC)-((SP)) 
(PSW4 -7)^ 


1 
((SP)) 


Return from Subroutine restoring 
Program Status Word. 


1 


p 





1 








1 


1 


2 1 


Timer/Counter 


ENTCNTI 






Enable Internal interrupt Flag for 
Timer/Counter output. 








1 








1 





1 




DIS TCNTI 






Disable Internal interrupt Flag for 
Timer/Counter output 








1 


1 





1 





1 




MOVA,T 


(A)-(T) 









1 














1 







MOV T, A 


(T)-(A) 




Move contents of Accumulator into 
Timer/Counter. 





1 


1 











1 







STOPTCNT 






Stop Count for Event Counter. 





1 


1 








1 





1 




STRT CNT 






Start Count for Event Counter. 





1 











1 





1 




STRTT 






Start Count for Timer. 





1 





1 





1 





1 




Miscellaneous 


NOP 






No Operation performed. 


























1 1 



Notes: ® Instruction Code Designations r and p form the binary representation of tfie Registers and Ports involved 

(D The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in. 

(D References to the address and data are specified in bytes 2 and/or 1 of the instruction 

® Numerical Subscripts appearing in the FUNCTION column reference the specific bits affected 

(D When the Bus is written to, with an OUTL instruction, the Bus remains an Output Port until either device is reset or a MOVX instruction is executed 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, M.PD8049HC/39HLC 

Ceramic, jxPD8049HD/39HLD 

Cerdip, fxPD8749HD, lias quartz window 



8049H/8749H/8039HLDS-REV1-7-83-CAT-L 



4-126 



SEC 



|jiPD80C49/^PD80C39 

CMOS 8-BIT SINGLE-CHIP 

MICROCOMPUTER 



Description 

The NEC fjLPD80C49 is a true stand-alone 8-bit micro- 
connputer fabricated using CMOS technology. All of the 
functional blocks necessary for an integrated microcom- 
puter are incorporated, including a 2K-byte ROM, a 
128-byte RAM, 27 I/O lines, an 8-bit timer/event counter, 
and a clock generator. This integrated capability permits 
use in stand-alone applications. For designs requiring 
extra capability the (xPD80C49 can be expanded using 
penpherals and memory compatible with industry-standard 
8080A/8085A processors. A version of the (jlPD80C48 
without ROM is offered by the }xPD80C39. 
Providing compatibility with industry-standard 8049, 8749, 
and 8039 processors, the |jlPD80C49 features significant 
savings in power consumption. In addition to the power 
savings gained through CMOS technology the (jlPD80C49 
is distinct in offering two standby modes (Halt mode and 
Stop mode) to further minimize power dram. 

Features 

n 8-bit CPU with ROM, RAM, and I/O on a single chip 
D Hardware/software-compatible with industry-standard 

8049, 8749, and 8039 processors 
D 2K X 8 ROM 
D 128x8 RAM 
D 27 I/O lines 

D 1 .875fjLS cycle time (8MHz crystal) 
n All instructions executable m 1 or 2 cycles 
D 97 instructions: 70 percent are single-byte instructions 
n Internal timer/event counter 

n 2 interrupts (an external interrupt and a timer interrupt) 
D Easily expandable memory and I/O 
D Bus compatible with 8080A/8085A penpherals 
D Power-efficient CMOS technology requiring a single 

-f 2.5V to + 6V power supply 
D Available in 40-pin DIP, 44-pin flat pack (80C49 only), 

and 52-pin flat pack 
D Halt mode 

- 1 mA typical supply current 

- Maintenance of internal logic values and control states 

- Mode initialization via HALT instruction 

- Mode release via external interrupt or reset 
D Stop mode 

- 1 |xA typical supply current 

- Disabling of internal clock generation and 
internal logic 

- Maintenance of RAM contents 

- Mode initialization via hardware (Vpo) 

- Mode release via reset 



Pin Identification 





Pin 






No. 


Symbol 


Name 


Function 


1 


TO 


TestO 


Testable input using conditional jump instructions 
JTO and JNTO Also enables clock output via the 
ENTO CLK instruction. 


2 


XTAL1 


Crystal 1 


One of two inputs for external crystal oscillator or 
LC circuit to generate internal clock signals. May 
also be used as an input for external clock signals 
(Non-TTL-compatible V,h.) 


3 


XTAL2 


Crystal 2 


One of two inputs for external crystal oscillator or 
LC circuit to generate internal clock signals (Non- 
TTL-compatible V,h ) 


4 


RESET 


Reset 


Active-low input line that initializes the proces- 
sor. Also used to release both the Halt and Stop 
modes.® 


5 


SS 


Single Step 


Active-low input line, that, in conjunction with ALE, 
causes the processor to single-step through a pro- 
gram one instruction at a time 


6 


INT 


Interrupt 


Active-low input line that causes an interrupt if an 
enable instruction has been executed A reset dis- 
ables the interrupt May be used as a testable input 
with a conditional jump instruction. Can also be 
used to release the Halt mode 


7 


EA 


External 
Access 


fetches and initiates access of external program 
memory. Essential for system testing and may also 
be used for program debugging. 


8 


RD 


Read 


Active-low output strobe line that is used to read 
data from external data memory 


9 


PSEN 


Program 
Store Enable 


Active-low output line that is used to fetch instruc- 
tions from external program memory 


10 


WR 


Write 


Active-low output .strobe line that is used to write 
data into external data memory. 


11 


ALE 


Address 
Latch Enable 


Output line for address latch enable At the falling 
edge of ALE, the address of either external data 
memory or external program memory is available 
on the bus. 




12-19 DB0-DB7 Bus 



These I/O lines constitute an 8-bit bidirectional 

data/address bus Synchronous read and write 

operations can be performed on this bus using RD 
and WR signals. Data driven out on the bus by an 
OUTL BUS instruction is statically latched. 
The address of external memory is available on the 
bus at the falling edge of ALE when reading from 
external program memory or writing to and reading 
from external data memory During external pro- 
gram memory fetches, the least-significant 8 bits of 
the external program memory address are driven 
out on the bus and th e addressed instruction is 
fetched using PSEN. When no external memory is 
used, the bus can serve as a true bidirectional 8-bit 
port. Information is strobed in or out by the RD and 
WR signals. 



Ground potential. 



21-24, P20-P27 
35-38 



These lines constitute Port 2, an 8-bit quasi- 
bidirectional port. During external program 
memory fetches, P20-P23 output the most- 
signficant 4 bits of the external program mem- 
ory address Lines P20-P23 can also be used 
as a 4-bit I/O expander bus to interface with 
the optional ^PD82C43 I/O expander 



Program 
Pulse 



This line is used as an output strobe when interfac- 
ing with the optional ^.PD82C43 I/O expander. 



Oscillator This input line is used to control oscillator stopping 
Control and restarting in Stop mode. Stop mode is enabled 

Voltage Line by forcing Vqq LOW during a reset. 



27-34 P10-P17 



These lines constitute Port 1, an 8-bit, general- 
purpose quasi-bidirectional port. 



Testable input using conditional jump instruc- 
tions JT1 and JNT1. Can also be used as the timer/ 
counter input line via the STRT CNT instruction. 



Primary 

Power 

Supply 



Power supply. Vcc must be between +2.5V to +6V 
for normal operation In Stop mode, V^c must be at 
least + 2V to ensure data retention. 



Note: ® The pulse width of RESET must be a minimum of 5 machine cycles in length following 

oscillator stabilization to reinitialize the processor and stabilize CPU operation At power- 
Rgv/1 ^P' ^*^® states of the output lines are undefined until completion of reset 
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Pin Configuration 



TO 

XTAL1 

XTAL2 

RESET 

SS 

JNT 

EA 

RD 

PSEN 

WR 

ALE 

DBo 



: 1 

L 2 
C 3 



C 5 



DB, 



DB4 
DB5 



DB7 

Vss 



32 



(jiPD 
80C49/ 
80C39 



24 D 
23 3 
22 D 
21 3 



Pl7 
P16 
Pl5 
Pl4 
3 Pl3 

29 3 P12 

28 3 P11 

27 3 P10 

26 3 VoD 

25 3 PROG 



Standby Function 

HALT mode 

In Halt mode, the oscillator continues to operate, but the 
internal clock is disabled. The status of all internal logic just 
prior to execution of the HALT instruction is maintained by 
the CPU. In Halt mode, power consumption is less than 
10 percent of normal fxPD80C49 operation and less than 
1 percent of normal 8049 operation. 
The Halt mode is initiated by execution of t he HALT 
instruction, and is released by either INT or RESET input. 
INT input: When the INT pin receives a low-level input, if 
interrupts are enabled, the internal clock is restarted and 



the interrupt is executed after the first or second instruction 
following the HALT instruction. However, if interrupts are 
disabled, program operation is resumed from the next 
address following the HALT instruction. The first instruc- 
tion following a HALT instruction should be a NOP 
instruction to ensure proper program execution. 
If the Halt mode is released when interrupts are enabled, 
the interrupt service routine is usually executed after the 
first or second instruction following the release of Halt 
mode. However, if either a timer or external interrupt is 
accepted within one machine cycle prior to a HALT instruc- 
tion, the corresponding timer or external interrupt service 
routine is executed immediately following the release of 
Halt mode. It is important to note this sequence of execu- 
tion when considering interrupt service routine execution 
following a HALT instruction. 

RESET input: When a low-level input is received by the 
RESET pin. Halt mode is released and the normal reset 
operation is activated, restarting program operation from 
address 0. 
Stop mode 

In Stop mode, the oscillator is deactivated and only the 
contents of RAM are maintained. The operation status 
of the |jlPD80C49 resembles that of a reset condition. 
Because only the contents of RAM are maintained. Stop 
mode provides even lower power consumption than Halt 

mode, only requiring a minimum Vqc as low as + 2V 

Stop mode is initiated by setting V^d to LOW when RESET 
is LOW, to protect the contents of RAM. Stop mode is 
released by first raising the supply voltage at the Vqc pin 
from standby level t o correct operating level and setting 
VpD to HIGH when RESET is LOW. After the osci llator ha s 
been restarted and the oscillation has stabilized, RESET 
must be set to HIGH, whereby program operation is started 
from address O. 



Stop Mode Circuit 



Voltage 
Regulator 



-Of- 



T 



J 



■c CLEAR Q 



Notes: ® D flip-flops must be CMOS (74C74 or equivalent) 

@ Designated gates must be CMOS (74C04 or equivalent) 




T 



3 0V -^^ 
BatteryT 
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stop Mode Timing 



Oscillator 
Restarts 




5 Machine Cycles Oscillation Stabilization Time 
Mm 

Stop Mode Circuit: Since Vpo controls the restarting 
of the oscillator, it is important that Vp^ be protected from 
noise interference. The time required to reset the CPU is 
represented by t^ (see Stop Mode Timing diagram), which 
is a minimum of 5 machine cycles. The reset operation will 
not be completed in less than 5 machine cycles. In Stop 
mode, it is important to note that if M^^ goes LOW before 5 
machine cycles have elaps ed, the CPU will be deactivated 
and the output of ALE, RD, WR, PSEN, and PROG will not 
have been stabilized. 



fxPD80C49/80C39 

Oscillation stabilization time is represented by t2 (see Stop 
Mode Timing diagram). When y^o go®s HIGH, oscillator 
operation is reactivated, but it takes time before oscillation 
can be stabilized. In particular, such high Q resonators as 
crystals require longer periods to stabilize. Because there 
is a delay between restarting of the oscillator and oscillator 
stabilization, tg should be long enough to ensure that the 
oscillator has been fully stabilized. 
To facilitate Stop mo de contr ol, an external capacitor can 
be connected to the RESET pin (see Stop Mode Control 
Circuit), affecting only tg, allowing control of the oscillator 
stabilization time. When V^d is asserted in Stop m ode, 
the capa citor begins charging, pulling up RESET. When 
RESET reaches a threshold level equival ent to a logic 1 , 
Stop mode is released. The time it takes RESET to reach 
the threshold level of logic 1 determines the oscillator stabi- 
lization time, which is a function of the capacitance and 
pull-up resistance values. 



stop Mode Control Circuit 



^ 



I Ip-channel 

Pull-up 
Resistance 



Note: ® Polarized electrolytic capacitor 



Port Operation 

A port-loading option is offered at the time of ordering the 
mask. Individual source current requirements for Port 1 
and the upper and lower halves of Port 2 may be factory 
set at either - 5|jlA or - 50fxA (see Port-Loading Options 
table). The - SOjjlA option is required for interfacing with 
TTL/NMOS devices. The - 5|jlA option is recom- 
mended for interfacing to other CMOS devices. The 
CMOS option results in lower power consumption and 
greater noise immunity. 

Port lines P-,o to P^j and P24 to P27 include a protective 
circuit "E" to prevent a signal conflict at the port. The circuit 
prevents a logic 1 from being written to a line that is being 
pulled down externally (see Port Protection Circuit "E" dia- 
gram). When a logic is detected at the port line and a logic 
1 is written from the bus, the NOR gate sends a logic 1 to 
the D input of the flip-flop. The output is inverted, forcing the 
NAND gate to send a high-level output. This turns off tran- 
sistor A, preventing the output of a logic 1 from the port. 



-| [rvcl i 



<}■ 




Z2 ® 



Port-Loading Options 

loH (min) Vcc = Vdd = 5V ± 10%; Voh = 2.4V (min) 



Option 
Selected 


P10-P17 


P20-P23 


P24-P27 


Unit 


A 


-5 


-5 


-5 


^A 


B 


-50 


-5 


-5 


^A 


C 


-5 


-50 


-5 


^xA 


D 


-50 


-50 


-5 


^xA 


E 


-5 


-5 


-50 


^.A 


F 


-50 


-5 


-50 


^xA 


G 


-5 


-50 


-50 


^A 


H 


-50 


-50 


-50 


l^A 



Notes: ® The selection of Iqh = - 5fji,A will result in a port source current of 1|lp = - 40|jiA ma> 
when used as input port 
® The selection of Iqh = - SOjiA will result in a port source current of l|Lp = -SOOfxA 
max when used as input port 
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Oscillator Operation 

The oscillator maintains an internal frequency for clock 
generation and controls all system timing cycles. The 
oscillation is initiated by either a self-generating external 
resonator or external clock input. The oscillator acts as a 
high-gain amplifier which produces square-wave pulses 
at the frequency determined by the resonator or clock 
source to which it is connected. 



Port Protection Circuit "E" 



To obtain the oscillation frequency an external LC network 
may be connected to the oscillator, or, a ceramic or crystal 
external resonator may be connected. 
As the crystal frequency is lowered, there is an equivalent 
reduction in series resistance (R). As the temperature of the 
crystal is lowered, R is increased. Due to this relationship, it 
becomes difficult to stabilize oscillation when there is low 
power supply voltage. When Vcc is less than 2.7V and the 
oscillator frequency is 3MHz or less, Tg (ambient tempera- 
ture) should not be less than - 10°C. 





ORL.ANL 1 










^ 


















.h- 




Internal 




5 

Clock 






A 


Pull-up Resistance 


Bus 






1 


_> — 


p-channel 


— p-channel 










B 






C 


P10-P17 
P24-P27 












f" 










Write 












! H 


n-channel 

"1 1 
i 




Pulse 




4 


Q D 
Clock 


1 

-< 


r 






— i : 1 






1 






1 








1 .. 


.. .. \j 'i 


put 
uffer^ 




























IN — 





Crystal Frequency Reference Circuit 



LC Frequency Reference Circuit 



r 



r 





2irN/LF" 



L C Nominal f 

45mH 20pF 5.2MHz 

120uiH 20pF 3.2IVIHZ 



2 



Notes: ® Crystal osciilator constants of fosc = 6MHz 
R-nax = 50X1 
Cl = 16±0 2pF 
P = 1 ± 2mW 
® Operating frequency less than 4MHz 
< Ci < 20pF 
< C2 s 20pF 
I C2 - Ci I < 10pF 
® Operating frequency more than 4MH2 
0<Ci <10pF 
0<C2S lOpF 
I C2 - Ci I < 5pF 



Note: Cpp = 5-10pF Pin to pin capacitance should be approximately 20pF including 
stray capacitance 
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Ceramic Resonator Frequency Reference Circuit 



|jiPD80C49/80C39 

Major Input and Output Signals 



I 

'I ^ 



r 





Port Expander 
Strobe 



Note: Ci > Cj 

(Ci - Cg) = 20pF 

For example, C^ = 30pF, and Cg = 10pF 

Values of C^ and Cg do not include stray capacitance 



External C/ocIf Frequency Reference Circuit 



Instruction Set Symbol Definitions 



^>- 



Note: A minimum voltage of Vcc-I is required for XTAL1 to go HIGH 



Symbol 


Description 


A 


Accumulator 


AC 


Auxiliary Carry Flag 


addr 


Program or data memory address (ao-a7) or (ao-aio) 


b 


Accumulator bit (b = 0-7) 


BS 


Bank Switch 


BUS 


Bus 


C 


Carry Flag 


CLK 


Clock 


CNT 


Counter 


data 


8-bit binary data (do-dy) 


DBF 


Memory Bank Flip-Flop 


FO, F1 


Flag 0, Flag 1 


INT 


Interrupt pin 


n 


Indicates the hex number of the specified register 
or port 


PC 


Program Counter 


Pp 


Port 1 , Port 2, or Port 4-7 (p = 1 , 2, or 4-7) 


PSW 


Program Status Word 


Rr 


Register Ro-R7(r = 0-7) 


SP 


Stack Pointer 


T 


Timer 


TF 


Timer Flag 


T0,T1 


Test 0, Test 1 pin 


# 


Immediate data indication 


@ 


Indirect address indication 


X 


Indicates the hex number corresponding to 
the accumulator bit or page number specified 
in the operand 


(X) 


Contents of RAM 


((X)) 




^ 


Transfer direction, result 


A 


Logical product (logical AND) 


V 


Logical sum (logical OR) 


V^ 


Exclusive OR 


Complement 
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Instruction Set 





Function 




Description 


Hex 
Code 








Instruction Code 








Cycles 






l>7 


De 


Ds 


D4 


D3 


D2 


Di 


Do 


Bytes 


Accumulator 


ADD A, # 
data 


(A) - (A) + data 




Adds immediate data do-dy to the accumulator. 
Sets or clears both carry flags.® 


03 






de 



ds 



d4 



da 



d2 


1 

di 


1 

do 


2 


2 


ADD A, Rr 


(A) - (A) + (Rr) 
r = 0-7 




Adds the contents of register R^ to the 
accumulator Sets or clears both carry flags.® 


6n® 





1 


1 




1 


r 


•■ 


^ 


1 


1 


ADD A, @ Rr 


(A) - (A) + ((R,)) 
r = 0-1 




Adds the contents of the internal data memory 
location specified by bits 0-5 of register Rr to the 
accumulator. Sets or clears both carry flags.® 


6n® 





1 


1 













'' 


1 


1 


ADDC A, # 
data 


(A) - (A) + data + (C) 


Adds, with carry, immediate data do-d7to the 
accumulator. Sets or clears both carry flags.® 


13 




d7 



de 



d5 


d4 



da 



d2 


1 
di 


1 
do 


2 


2 


ADDC A, Rr 


(A)-{A) + (R,) + 

r = 0-7 


(C) 


Adds, with carry, the contents of register R^ to the 


7n(D 





1 


1 




1 


I* 


•■ 


r 


1 


1 


ADDC A, 

@Rr 


(A)-(A) + ((R,)) + (C) 
r = 0-1 


Adds, with carry, the contents of the internal data 

Rr, to the accumulator. Sets or clears both carry 
flags.® 


7n® 





1 


1 













r 


1 


1 


ANLA,# 
data 


(A) - (A)Adata 




Takes the logical product (logical AND) of 
immediate data do-dy and the contents of 
the accumulator, and stores the result in the 
accumulator. 


53 





1 
de 



ds 


d4 



d3 



d2 


1 
di 


1 
do 


2 


2 


ANL A, Rr 


(A) - (A)A(Rr) 
r = 0-7 




Takes the logical product (logical AND) of the 
contents of register R, and the accumulator, and 
stores the result in the accumulator. 


5n® 





1 





1 


1 


r 


r 


r 


1 


1 



ANLA,@Rr (A)-(A)A((Rr)) 

r = 0-1 



Takes the logical product (logical AND) of the 
contents of the internal data memory location 
specified by bits 0-5 of register Rr, and the 
accumulator, and stores the result in the 
accumulator. 



10 1 







(A) - (A) 



Takes the complement of the contents of the 
accumulator. 



(A)-0 



Clears the contents of the accumulator. 



ORLA,@Rr (A) - (A)V((Rr)) 

r = 0-1 



Converts the contents of the accumulator to BCD 
Sets or clears the carry flags. When the lower 4 
bits (Ao_3) are greater than S, or if the Auxiliary 
Carry Flag has been set, adds 6 to A(^3. When the 
upper 4 bits (A4_7) are greater than 9 or if the Carry 
Flag (C) has been set, adds 6 to A4_7. If an 
overflow occurs at this point, C is set.® 



DEC A 


(A)-(A)-1 


Decrements the contents of the accumulator by 1 . 


07 

















1 1 1 


1 


1 


INC A 


(A) - (A) + 1 


Increments the contents of the accumulator by 1 . 


17 











1 





1 1 1 


1 


1 


ORLA,# 
data 


(A) - (A)Vdata 


Takes the logical sum (logical OR) of immediate 
data do-d7 and the contents of the accumulator, 
and stores the result in the accumulator. 


43 




d7 


1 

de 



ds 




^4 . 



d3 


1 1 

d2 di do 


2 


2 


ORL A, Rr 


(A) - (AV(Rr) 

r = 0-7 


Takes the logical sum (logical OR) of register Rr 
and the contents of the accumulator, and stores 
the result in the accumulator 


4n® 





1 








1 


r r r 


1 


1 



Takes the logical sum (logical OR) of the contents 
of the internal data memory location specified by 
bits 0-5 in register Rr, and the contents of the 
accumulator, and stores the result in the 
accumulator. 



10 



RLA 


(Ab + 1)-(Ab) 
(Ao) - (A7) 
b = 0-6 


Rotates the contents of the accumulator one bit to 
the left. The MSB is rotated into the LSB. 


E7 






1 








1 1 








RLCA 


(Ab + 1)-(Ab) 
(Ao)-(C) 
{C)-(A7) 
b = 0-6 


Rotates the contents of the accumulator one bit to 
the left through carry. 


F7 






1 


1 





1 1 








RRA 


(Ab)-(Ab + 1) 
(A7)-(Ao) 
b = 0-6 


Rotates the contents of the accumulator one bit to 
the right. The LSB is rotated into the MSB. 


77 






1 


1 





1 1 








RRCA 


(Ab)-(Ab + 1) 
(A7)-(C) 
(C)-(Ao) 
b = 0-6 


Rotates the contents of the accumulator one bit to 
the right through carry. 


67 






1 








1 1 








SWAP A 


(A4-7)-(A(«) 


Exchanges the contents of the lower 4 bits of the 
accumulator with the upper 4 bits of the 
accumulator. 


47 















1 1 








XRLA,#data 


(A)-(A)Vdata 




D3 


d7 


de 



ds 


1 

d4 



ds 


1 
da di 


do 






XRLA,Rr 


(A)-(A)V(Rr) 
r = 0-7 


Takes the exclusive OR of the contents of register 
the accumulator. 


Dn® 









1 


1 


r r 








XRL A, @ Rr 


(A)-(A)V((Rr)) 
r = 0-1 


Takes the exclusive OR of the contents of the 
location in data memory specified by bits 0-5 in 
register Rr, and the accumulator, and stores the 
result m the accumulator. 


Dn® 









1 














Branch 


DJNZ Rr, 
addr 


(Rr)-(Rr)-1 

lf(Rr)=^0,then 
(PC^.7) - addr 
r = 0-7 


Decrements the contents of register Rr by 1 , and if 
the result is not equal to 0, jumps to the address 
indicated by ao-a7. 


En 


1 
87 


1 

ae 


1 
85 




84 


1 

83 


r r 

82 81 


ao 


2 


2 


JBb addr 


(PCo-7)-^addrifb = 1 
(PC) = (PC) + 2ifb = 


Jumps to the address specified by ao-a7 if the bit 
in the accumulator specified by bo-bg is set. 


x2® 


b2 

_ a7_ 


bi 
ae 


bo 
as 


1 
84 




83 


1 

82 81 




80 


2 


2 
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Instruction Set (Cont.) 





Function 


Description 


Hex 
Code 








instruction Code 








Cycles 




Mnemonic 


D7 


De 


D5 


■>4 


D3 


i>2 


Di 


Do 


Bytes 


Branch (Cont.) 


JCaddr 


(PCa-7)-addrifC = 1 
(PC)- (PC) + 2ifC = 


Jumps to the address specified by 30-37 if the 
Csrry Flag is set. 


F6 


1 

37 


1 
ae 


1 
35 


1 
84 




33 


1 
32 


1 

3l 




30 


2 


2 


JFO addr 


(PC0-7)- addrifF0 = 1 
(PC)-(PC) + 2ifF0 = 


Jumps to the address specified by 30-37 if FO 
is set. 


B6 


1 
3/ 




36 


1 
35 


1 
34 




33 


1 
32 


1 
3l 




3o 


2 


2 


JF1 addr 


(PCo-7)-addrifF1 = 1 
(PC)- (PC) + 2 If F1 =0 


Jumps to the address specified by 30-37 if F1 
is set. 


76 




a? 


1 

36 


1 
35 


1 
34 




33 


1 
32 


1 




3o 


2 


2 


JMP addr 


(PCfi-io)- addr8_io 
(PCo_7)^ addre^7 
(PC11) ^ DBF 


Jumps directly to the 3ddress specified by 3o-3io 
3nd the DBF. 


x4® 


aio 
87 


39 
36 


as 

35 



34 



33 


1 
32 




ai 




3o 


2 


2 



(PC(^7) *- ((A)) Repl3ces the lower 8 bits of the Progr3m Counter 

with the contents of program memory specified 
by the contents of the accumulator, producing 
a jump to the specified address within the 
current page. 



JNC addr 


(PC0-7)* 3ddrifC = 
(PC)-(PC) + 2ifC = 1 


Jumps to the address specified by ao-37 if the 
Carry Flag is not set. 


E6 


1 
37 


1 

36 


1 

35 



34 



33 


1 

32 


1 

31 



ao 


2 


2 


JNI addr 


(PC,^7)-addrifl = 
(PC)-^(PC) + 2ifl = 1 


Jumps to the 3ddress specified by 30-37 if the 
Interrupt Fl3g is not set. 


86 


1 
37 




36 



35 



34 




33 


1 
32 


1 
3i 




3o 


2 


2 


JNTOaddr 


(PCo_7)-3ddrifTO = 
(PC) - (PC) + 2 if TO = 1 


Jumps to the 3ddress specified by 30-37 if Test 
IS LOW. 


26 




37 




36 


1 
35 



34 




33 


1 
32 


1 

ai 




3o 


2 


2 


JNT1 addr 


(PC^7)-3ddrifT1 =0 
(PC)-(PC) + 2ifT1 =1 


Jumps to the sddress specified by 80-87 if Test 1 
is LOW. 


46 




37 


1 
36 



35 




34 




33 


1 
32 


1 

3i 




ao 


2 


2 


JNZaddr 


(PCo_7)-addrifA#0 
(PC)-(PC) + 2ifA = 


Jumps to the 3ddress specified by 30-37 if the 
contents of the 3Ccumul3tor 3re not equ3l to 0. 


96 


1 

37 



36 



35 


1 

34 




33 


1 
32 


1 
3i 




30 


2 


2 


JTF3ddr 


(PCo-7)-^3ddrifTF = 1 
(PC)-(PC) + 2ifTF = 


Jumps to the 3ddress specified by 30-37 if the 
Timer Fl3g is set. The Timer FIsg is cle3red 3fter 
the instruction is executed. 


16 




87 




36 



35 


1 
34 




33 


1 
32 


1 
3i 




ao 


2 


2 


JTO 3ddr 


(PCo-7)^addrifTO = 1 
(PC) -^ (PC) + 2 if TO = 


Jumps to the 3ddress specified by 30-37 if Test 
is HIGH. 


36 




a? 




36 


1 
35 


1 
34 




33 


1 
32 


1 
31 




30 


2 


2 


JT1 3ddr 


(PCo_7)-addrifT1 = 1 
(PC)-(PC) + 2ifT1 =0 


Jumps to the address specified by 30-37 if Test 1 
IS HIGH. 


56 




37 


1 
36 



35 


1 

a* 




33 


1 
32 


1 

ai 




3o 


2 


2 


JZ 


(PCo-7)-3ddrifA = 
(PC)-(PC) + 2ifA = 1 


Jumps to the 3ddress specified by 80-37 if the 


C6 


1 

37 


1 
36 




as 



34 




33 


1 
32 


1 

31 




3o 


2 


2 


Control 


ENI 




En3bles extern3l interrupts. When extern3l 
interrupts 3re en3bled, 3 low-level input to the INT 
pin causes the processor to vector to the interrupt 


05 

















1 











DISI 




Disables external interrupts. When external 
pin have no effect on program execution. 


15 











1 





1 











ENTOCLK 




Enables clock output to pin TO. 


75 





1 


1 


1 





1 











SEL MBO 


(DBF) - 


Clears the Memory Bank Flip-Flop, selecting 
Program Memory Bank [program memory 
addresses 0-2047(io)]- Clears PC^i after the next 
JMP or CALL instruction. 


E5 




1 


1 








1 











SEL MB1 


(DBF)-1 


Sets the Memory Bank Flip-Flop, selecting 
Program Memory Bank 1 [program memory 
addresses 2048-4095«o)l. Sets PC^ after the next 
JMP or CALL instruction. 


F5 




1 


1 


1 





1 











SELRBO 


(BS) - 


Selects Dat3 Memory B3nk by cle3rtng bit 4 
(Bsnk Switch) of the PSW. Specifies d3ta memory 
addresses 0-7(^o) as registers 0-7 of Data 
Memory Bank 0. 


C5 




1 











1 











SEL RBI 


(BS)-1 


Selects Dat3 Memory B3nk 1 by setting bit 4 
(B3nk Switch) of the PSW. Specifies d3ta memory 
24-31(^0) 3S registers 0-7 of Data Memory Bank 1 . 


D5 




1 





1 





1 











HALT 




Initiates Halt mode. 


01 




























Data Moves 


MOVA,# 
data 


(A) -data 


accumulator. 


23 


d7 




de 


1 

ds 



d4 



d3 



d2 


1 

di 


do 


2 


2 


MOVA,R, 


(A) - (R,) 

, = 0-7 


Moves the contents of register R^ into the 
accumulator. 


Fn® 




1 


1 


1 


1 


r 


r 






1 


MOVA,@Rr 


(A)-((Rr)) 
r = 0-1 


Moves the contents of internal data memory 
specified by bits 0-5 in register R^, into the 
accumulator. 


Fn® 




1 


1 


1 















1 


MOVA,PSW 


(A) -(PSW) 


Moves the contents of the Program Status Word 


C7 




1 











1 


1 






1 


MOV Rr, # 
data 


(R,) - data 

r= 0-7 




Bn® 


d? 



de 


1 
ds 


1 

d4 


1 

d3 


d2 


r 
di 


do 




2 


MOVR„A 


(Rr)-(A) 
r = 0-7 


Moves the contents of the accumutetor Into 
register R,. 


An® 







1 





1 


r 


r 






1 


MOV@Rr,A 


((Rr))-(A) 
r = 0-1 


Moves the contents of the 3ccumulator into the 
d3ta memory location specified by bits 0-5 in 
register R,. 


An® 







1 


















1 


MOV @ n„ # 
data 


((R,)) - data 
, = 0-1 


memory location specified by bits 0-5 in 
register R^. 


Bn® 


d7 



de 


1 
ds 


1 
d4 



da 



d2 




di 


do 


2 


2 


MOV PSW, A 


(PSW) -(A) 




D7 




1 





1 





1 


1 




1 


1 
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Instruction Set (Cont.) 





Function 


Description 


Hex 
Code 




















Dy 


De 


Ds 


D4 


D3 


O2 


D, 


Do 


Cycles Bytes 


Data Moves (Cont.) 


MOVP A, @ A 


(PC,^7)-(A) 
(A) - ((PC)) 


the contents of the accumulator, into the 
accumulator. 


A3 


1 





1 











1 




2 1 


MOVP3 A, 

@A 


(PCa.7)-(A) 
(PC8-,i)-001 
(A) <- ((PC)) 


Moves the contents of the program memory 
location specified by 0011 (PCg-n, page 3 of 
Program Memory Bank 0) and the contents of the 
accumulator, into the accumulator. 


E3 


1 


1 


1 











1 




2 1 


MOVXA,@R 


(A) - ((Rr)) 
, = 0-1 


Moves the contents of the external data memory 
location specified by register Rr, into the 
accumulator. 


8n® 


1 






















2 1 


MOVX@R,A 


((Rr)) - (A) 
r = 0-1 


external data memory location specified by 
register R^- 


9n® 


1 








1 













2 1 


XCH A, Rr 


(A) - (Rr) 
r = 0-7 


Exchanges the contents of the accumulator and 
register Rr. 


2n® 








1 





1 


r 


r 




1 1 


XCH A, @ Rr 


(A) - ((Rr)) 
r = 0-1 


the contents of the data memory location 
specified by bits 0-5 in register R,. 


2n® 








1 
















1 1 


XCHD A, @ 


(V3)-((Rra-3)) 
r = 0-1 


Exchanges the contents of the lower 4 bits of the 

of the internal data memory location specified by 
bits 0-5 m register R,. 


3n® 








1 


1 













1 1 


Flags 


CPLC 


(C) - (C) 


Takes the complement of the Carry bit. 


A7 







1 










1 






CPLFO 


(FO)-(FO) 


Takes the complement of Flag 0. 


95 










1 














CPLF1 


(FI)-(FI) 


Takes the complement of Flag 1 . 


B5 







1 


1 














CLRC 


(C)-0 


Clears the Carry bit. 


97 










1 







1 






CLRFO 


(FO)-O 


Clears Flag 0. 


85 

























CLRF1 


(F1)-0 


Clears Flag 1. 


A5 







1 

















Input/Output 


ANLBUS,# 
data 


(BUS) ^ (BUS)Adata 


Takes the logical AND of the contents of the bus 
the bus. 


98 


dy 



de 



ds 


1 

d4 


da 



da 




di 




do 


2 2 


ANL Pp, # 
data 


(Pp)-(Pp)Adata 
P - ""-2 


Takes the logical AND of the contents of 
and sends the result to port Pp for output. 


9n(D 


dr 



de 



ds 


1 
da 


da 



d2 


P 

di 


P 
do 


2 2 


ANLD Pp, A 


(Pp)-(Pp)A(Ao-3) 
p - 4-7 


Takes the logical AND of the contents of 

accumulator, and sends the result to port Pp for 
output. 


9n(D 










1 




1 


P 


P 


2 1 


IN A, Pp 


(A)-(Pp) 
P = 1-2 


Loads the accumulator with the contents of 
designated port Pp. 


On® 


















P 


P 


2 1 


INS A, BUS 


(A) -(BUS) 


Loads the contents of the bus into the 
accumulator on the rising edge of RD. 


08 
























2 1 


MOVD A, Pp 


(Va) - (Pp) 

(A4-7)-0 

p = 4-7 


Moves the contents of designated port Pp to the 
upper 4 bits. 


On® 















1 


P 


P 


2 1 


MOVD Pp, A 


(Pp) - (A(K3) 

p = 4-7 


Moves the lower 4 bits of the accumulator to 
designated port Pp. The upper 4 bits of the 
accumulator are not changed. 


3n® 







1 


1 




1 


P 


P 


2 1 


ORL BUS, # 
data 


(BUS) <- (BUS)Vdata 


Takes the logical OR of the contents of the bus 
the bus 


88 


d7 



de 



ds 




d4 


da 



da 



di 



do 


2 2 


ORLD Pp, A 


(Pp)-(Pp)V(Aa-3) 
p - 4-7 


Takes the logical OR of the contents of designated 
port Pp and the lower 4 bits of the accumulator, 
and sends the result to port Pp for output. 


8n® 















1 


P 


P 


2 1 


ORL Pp, # 
data 


(Pp) - (Pp)Vdata 
p=1-2 


Takes the logical OR of the contents of designated 
port Pp and immediate data dp-dy, and sends the 
result to port Pp for output. 


9n® 


d7 




de 



ds 




d4 


da 



da 


P 
di 


P 
do 


2 2 



OUTLBUS,A (BUS) -(A) 



Latches the contents of the accumulator onto the 

bus on the rising edge of WR. 

Note: Never use the OUTL BUS instruction when 
using external program memory, as this 
will permanently latch the bus. 



OUTL Pp, A 


(Pp)-(A) 
P=1-2 


Latches the contents of the accumulator into 


3n® 








1 


1 


1 





p 


P 


2 1 


Registers 


DECRr 


(Rr)-(Rr)-1 
r = 0-7 




Cn® 


1 


1 








1 


r 


r 


r 


1 1 


INCRr 


(Rr)-(Rr) + 1 
r = 0-7 


Increments the contents of register Rr by 1. 


In® 











1 


1 


r 


r 


r 


1 1 


INC @ Rr 


((Rr))-((Rr))+1 
r = 0-1 


Increments by 1 the contents of the data memory 
location specified by bits 0-5 in register Rr- 


In® 











1 











r 


1 1 
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Instruction Set (Cont.) 


















Description 


Hex 
Code 






Instruction Code 






Mnemonic Function 


Dr 


Oe 


Ds D4 D3 D2 


D, 


Do Cycles Bytes 


Subroutine 



((SP))-(PC),(PSW^7) 
(SP) ^ (SP) + 1 
(PCs-io) - addr8_io 
(PC(v-7) ^ addro_7 
(PC,,) ^ DBF 



(SP)-(SP)- 
(PC)-((SP)) 



Stores the contents of the Program Counter 
and the upper 4 bits of the PSW in the address 
indicated by the Stacl( Pointer, and increments the 
contents of the Stacl( Pointer, calling the subrou- 
tine specified by address ao-a,o and the DBF. 



^10 89 ag 1 
ay ae ag a^ 



10 2 2 

83 82 a, ao 



Decrements the contents of the Staci< Pointer 
by 1 and stores, in the Program Counter, the 
contents of the location specified by the Stack 
Pointer, executing a return from subroutine 
without restoring the PSW. 



10 



11 2 1 



(SP) <- (SP) - 1 Decrements the contents of the Stacic Pointer 

(PC) '>- ((SP)) by 1 and stores, in the Program Counter, the 

(PSW4_7) *- ((SP)) contents of the upper 4 bits of the PSW and the 

contents of the location specified by the Stacic 
Pointer, executing a return from subroutine with 
restoration of the PSW. 



10 1 



11 2 1 



Timer/Counter 


ENTCNTi 






Enables internal interrupt of timer/event counter. 
If an overflow condition occurs, then an interrupt 
will be generated. 


25 








1 








1 





1 1 1 


DIS TCNTI 








35 








1 


1 





1 





1 1 1 


MOVA,T 


(A)-(T) 


Moves the contents of the timer/counter into the 


42 





1 














1 


1 1 


MOVT.A 


CO- 


MA) 


IMoves the contents of the accumulator into the 
timer/counter. 


62 





1 


1 











1 


1 1 


STOPTCNT 






Stops the operation of the timer/event counter. 


65 





1 


1 








1 





1 1 1 


STRT CNT 






Starts the event counter operation of the 
timer/counter when T1 changes from a low-level 
input to a high-level input. 


45 





1 











1 





1 1 1 


STRTT 






Starts the timer operation of the timer/counter, 
cycles. 


55 





1 





1 





1 





1 1 1 


Miscellaneous 


NOP 






Uses one machine cycle without performing any 
operation. 


00 























1 1 




Notes: ® Binary instruction code designations r and □ represent encoded values or the lowest-order bit value of specified registers and ports, respectively 

@ Execution of the ADD, ADDC, and DA instructions affect the carry flags, which are not shown in the respective function equations These instructions set the carry flags when there is an 
overflow in the accumulator (the Auxiliary Carry Flag is set when there is an overflow of bit 3 of the accumulator) and clear the carry flags when there is no overflow Flags that are 
specifically addressed by flag instructions are shown in the function equations for those instructions 
® References to addresses and data are specified in byte 1 and/or 2 in the opcode of the corresponding instruction 
® The hex value of n for specific registers is as follows 
a) Direct addressing 

- - -R6n = E 

R7 n = F 



R4 n = C 
R5 n = D 



R2 
Ri n = 9 R3 n = 
b) Indirect addressing 

@Ron = @Rin = 1 
5 The hex value of n for specific ports is as follows 
Pin = 9 P4 n = C P6n = E 
P2n = A P5 n = D P7n = F 
) The hex value of x for specific accumulator or address bits is as follows 

a) JBb instruction 

BoX = 1 B2X = 5 B4X = 9 B6X = D 
BiX = 3 B3X = 7 B5X = B B7X = F 

b) JMP instruction 



Page x = 


Page 2 x = 4 


Page4 x = 8 


Pages 


Page 1 x = 2 


Page 3 x = 6 


Pages x = A 


Page? 


CALL instruction 








PageO x = 1 


Page 2 x = 5 


Page 4 x = 9 


Pages 


Page 1 x = 3 


Page 3 x = 7 


Pages x = B 


Page? 
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DC Characteristics: Standard Voltage Range 

Ta = -40X to +85X; Vcc = +5V ± 10%; Vss = OV 





Symbol 




Limits 




Unit 


Test Conditions 


Min 


Typ 


Max 


Input Low 
Voltage 


V,L 


-0.3 




0.8 


V 




Input High 


V,H 


Vcc-2 




Vcc 


V 


All except XTAL1, XTAL2, RESET 


Voltage 


V,H, 


Vcc-1 




Vcc 


V 


RESET, XTAL1,XTAL2 


Output Low 
Voltage 


Vol 






0.45 


V 


Iql = 2.0mA 



Bus, RD, WR, PSEN, ALE, PROG, 
TO;loH= -lOOfjiA 



Output High 
Voltage 



Port1,Port2;loH = -5m-A 

nVpeO) 

Port 1 , Port 2; Iqh = - 50 mA, 
(TVpel) 



V Ailoutputs;loH= -0.2|xA 



Input Current 



l,LP® 



f^A 



Port1,Port2;V,NsV,L 
nypeO) 



Port1Port2;V|NsV,L 
(lypel) 





«ILC 




-40 


^A 


SS, RESET; V,n £ V,l 


Input Leakage 


iui 




±1 


,xA 


T1,INT,Vdd;Vss£V,nsVcc 


Current 


IU2 




±3 


HA 


EA;VsssV,N<Vcc 


Output Leakage 
Current 


Ilo 




±1 


^A 


VssSVo^Vcc 


Standby 


Icci 


0.4 


0.8 


mA 


Halt mode; tcY = 2.5^LS 


Current 


ICC2 


1 


20 


y^A 


Stop mode ® 


Supply Current 


Ice 


4 


8 


mA 


tcY = 2.5f.S 


Data Retention 
Voltage 


VcCDR 


2.0 




V 


Stop mode (Vdd, RESET < 0.4V) 



DC Ciiaracteristics: Extended Voitage Range 

T. = -40°Cto +85X; Vcc = + 2.5V to + 5.5V; Vss = OV 





Symbol 


LimHs 


Unit 






1 itffn 


Typ 


Max 


Test Conditions 


Input Low Voltage 


V,L 


-0.3 




0.18 Vcc 


V 




Input High Voltage 

(Ail Except XTAL 1, XTAL 2) 


V,H 


0.7Vcc 




Vcc 


V 




Input High Voltage 
(XTAL 1, XTAL 2) 


V,H1 


0.8Vcc 




Vcc 


V 






Vol 






0.45 


V 


loL = 1.0mA 


Output High Voltage (Bus, 
RD,>/im.PSlR,ALE, 
PROG, TO 


VoH 


0.75Vcc 






V 


ioH=-100^A 



Output High Voitage (All 
Other Outputs 



VoHi 0.7Vcc 



Port 1, Port 2; 
•oH= -VA 
(TVpeO) 

Port 1, Port 2; 
Ioh=-10mA 
(lypel) 



Output High Voitage 
(Ail Outputs) 


V0H2 


Vcc - 0.5 




V 


loH = -0.2jtA 


Input Leakage Current 
(Port 1, Port 2) 


l|LP 


-15 


-40 
-500 


J.A 
f^A 


V,N£V,L(TypeO) 
V,NsV,L(Type1) 


(SS, RESET) 


•iLC 




-40 


hA 


V,N^V,L 


Input Leakage Current 


l|L1 




±1 


f.A 


Vss<V,N<Vcc 


Input Leakage Current 
(EA) 


l|L2 




±3 


HA 


Vss<V,N<Vcc 


Output Leakage Current 
State) 


•OL 




±1 


f.A 


Vss < Vq < Vcc 


Supply Current 


Ice 


0.8 


1.6 


mA 


Vcc = 3V, 

tcY = 10jtS 


Halt Mode Standby 
Current 


Icci 


100 


200 


pA 


Vcc = 3V. 

tcY = lOlJlS 


Stop Mode Standby Current 


ICC2 


1 


20 


V.A 





Notes: ® Type and type 1 options apply only to the fjLPD80C48, the (xPD80C35 is type 1 only 
® Input Pin Voltage is V|n, V|l, or V|n, V|h 



AC Ciiaracteristics 

Read, Write and Instruction Fetcii: External Data and Program Memory 
Ta = ~40°C to +85°C; Vcc = Vpp = +5V ± 10%; Vss = OV 





Symbol 


Vcc = 


+5V + 


10% 


^99 = 
Min 


f 2.5V to + 5.5V 
Typ Max 


Unit 


Test 




Min 


Typ 


Max 


Conditions 


ALE Pulse Width 


tLL 


400 






2160 






ns 




Address Setup before ALE 


tAL 


120 






1620 






ns 




Address Hold from ALE 


tLA 


80 






330 






ns 


® 


Control Pulse Width 
(PSEN, RD, WR) 


tec 


700 






3700 






ns 




Data Setup before WR 


tow 


500 






3500 






ns 




Data Hold after WR 


two 


120 






370 






ns 


® 


Cycle Time 


tcY 


2.5 




150 


10 




150 


|XS 


6MHZXTAL 


Data Hold 


toR 







200 







950 


ns 




PSEN, RD to Data in 


tRD 






500 






2750 


ns 






tAW 


230 






3230 






ns 


® 


Address Setup before Data In 


tAD 






950 






5450 


ns 




Address Float to RD, PSEN 


tAFC 









500 






ns 




Control Pulse to ALE 


t?* 


10 






10 






ns 
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Port 2 Timing 

T. = -40X to +85X; Vcc = 


+ 5V±10% 




















Symbol 


Vcc = 


+ 5V± 


10% 


^9 = 
MIn 


•t-2.SVtO+5.SV 
Typ Ma» 


Unit 


Test 




Mill 


Typ 


Max 


Conditions 


Port Control Setup before 
Falling Edge of PROG 


tcP 


110 






860 






ns 




Port Control Hold after Falling 
Edge of PROG 


tpc 







80 







200 


ns 


® 


PROG to Time P2 input must 
be Valid 


tpR 






810 






5310 


ns 




Output Data Setup Time 


top 


250 






3250 






ns 


@ 


Output Data Hold Time 


tpD 


65 






820 






ns 




input Data Hold Time 


tpF 







150 







900 


ns 




PROG Pulse Width 


tpp 


1200 






6450 






ns 




Port 2 I/O Data Setup 


tpL 


350 






2100 






ns 




Port 2 I/O Data Hold 


tLP 


150 






1400 






ns 





Notes: ® For Control Outputs Cl = BOpF, for Bus Outputs- Cl = 150pF 
® Cl = 20pF 

® For Control Outputs Cl = BOpF 
® Refer to the operating characteristic curves for Supply Voltage and Port Control Hold 



PUS Timing Requirements 



Symbol 


Timing Formula 


Min 


Max 


Unit 




tLL 


(7 / 30) T- 167 


• 




ns 




tAL 


(1/5)T-285 


• 




ns 




tLA 


(1/30)T 


• 




ns 




tec 


(2/5)T-300 


• 




ns 




tow 


(2/5)T-500 


• 




ns 




two 


(1/30)T + 40 


• 




ns 




ton 


(1/10)T-50 




• 


ns 




tRD 


(3 / 10) T- 250 




• 


ns 




tAW 


(2/5)T-600 


• 




ns 




tAD 


(3/5)T-550 




• 


ns 




tAFC 


(1/15)T-125 


• 




ns 




tcP 


(1/10)T-87 


• 




ns 




tpR 


(3/5)T-475 




• 


ns 




tpF 


(1/10)T-100 




• 


ns 




top 


(2/5)T-550 


• 




ns 




tpD 


(1/10)T-167 


• 




ns 




tpp 


(7/ 10) T- 550 


• 




ns 




tpL 


(7 / 30) T- 230 


• 




ns 




tLP 


(1/6)T-265 


• 




ns 





Write to External Memory 

ALE I 1 



1_ 



WR 



h-tcc-H 



J" 



Bus Floating 



I- h 



^ 



V Fioatmg / 



ItowK^ 




Low Power Standby Operation 
1) Halt Mode (When El) 



x"^^^n >- 



- < 1 Instr X INT Execute 

osc ..nnn.njt\..nna.....nW— -ima... 



Halt 
Mode 

Int 



K 



jf — ^ 



T = tcY 

Unlisted parameters are not affected by cycle time 

Timing Waveforms 

Instruction Fetch From External Memory 



2) Stop Mode 



t^ 



-I 



ALE 1 


— 








1 1 




—J 


tAFC ktcc--i-tcA-*l 


PSEN 


JLA 


I 






-J 


»- 




toRl*- 


BUS Floating] 


[^ ) 


:Fioatmg>reY Floating Y 


Address-^ 


-*|t.o 

t.n ► 


— 


\ 

Instruction 




OSC Starts 

ivxxjinnnjiarL...rL 



ADRS 0000(H) 



Port 2 Timing 



Read From External Data Memory 




J L 



Expander ^ 

Port X PCH )([^2ci 
Output -^ '^ 






Expander 

Port 

Output 






Bus I!2!!i!ia 



\ -H *AFc h- ~H h-t. 



■^ 



r 



Floating 
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Block Diagram 



Oscillator 
Frequency 



Port 2 Latch (Low 4) 

and Expander 

Port I/O 



Bus Buffer 
Port 2 



Port 2 
Latch 
(High 4) 



Timer and 
Event Counter 



k: 



Higher Program 
Counter (4) "•"" 



BUS 


Resident Program Memory 


' ROM IJLPD80C49 only 


2048 X 8 


1 Decode | 






8 






Lower 






Program 






Counter 





Expansion to Additional 
External Memory and I/O 



Bus Latch 

Low Program 

Counter's Temp 

Register 



U 



Program 
Status 
Word 



8-Bit Internal Bus 



Accumulator 
(8) 



Temporary 
Register (8) 



Accumulator 
Latch 



Power 
Supply 



Flags 

i: 



Arithmetic 
Logic Unit 



^+2 5Vto + 6 0V 

Vss 
— -*- Ground 

Vqd Standby Power Control 



Instruction 
Register/Decoder 



RAM Address 
Register 



Decimal 
Adjust 



Conditional 
Branch 
Logic 



- Test 

- Test 1 
■ iNT 

- Flag 

- Flag 1 

- Timer Flag 

- Carry 

- Ace 



Control and Timing 

XTAL XTAL 

INT RESET PROG EA 1 2 ALE 



TXT 



Low Interrupt Initialize 
Power I/O 

Standby Control Expander 

Strobe 



CPU/Memory 
Separate 



Address 
Latch 
Strobe/ 
Oscillator/ Cycle 
Crystal clock 



Program Single 
Memory Step 
Enable 



TT 

Read/Write 
Strobes 



V 



Bus 
Buffer 

and 
Latch 
Porti 



Register 



Register 1 



Register 4 



Register 5 



Register 7 



8-Level Stack 
(Variable Word Length) 



Optional Second 
Register Bank 



Resident Data Memory — RAM 
(128 X 8) 



Note: fxPD80C39 does not include ROM 



Absolute Maximum Ratings* 



Ta = 25°C 


Operating Temperature, Topt 


-40°Cto+85°C 


storage Temperature (Cerdip Package), Tgtg 


-65Xto+150°C 


Storage Temperature (Plastic Package), Tstg 


-65°Cto+125°C 


Voltage on Any Pin, V,/o Vss 


- 0.3V to Vcc + 0.3V 


Supply Voltage, Vcc 


Vss - 0.3 to + 10V 


Power Dissipation, Pp 


0.35W 



*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 
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operating Characteristic Curves 

Output High Current vs. Output High Voltage 







\ 




Vcc = 


1 

4 5V 






\ 


\Typ 










Mm 




\ 





2 3 4 

Output High Voltage, Vo„ (V) 



Output High Current vs. Supply Voltage 



5 -100-10 



o o 











VoHi = 2 4V 










/ 










/ 






Hi i 






/ 







Supply Voltage, Vcc (V) 



Output Low Current vs. Supply Voltage 











Vol = 45V 










/ 






/ 


/ 








-4\ 













Supply Voltage, Vcc (V) 



Output High Current vs. Output High Voltage 



O -5 











Vcc = 4 5V 




\ 










N 


\ 


\ 


VTyp 








J 


«,\ 


1 


\ 





12 3 4 5 

Output High Voltage, Vqhi (V) 



Output High Current vs. Supply Voltage 











Vo„,= Vcc-0 5V 












/ 


/ 




-Xi i 


y 


/ 


/ 







Supply Voltage, Vcc (V) 

Output Low Current vs. Output Low Voltage 





Vcc = 


= 4 5V 


/ 






/ 







Output Low Voltage, Vql (V) 
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Operating Characteristic Curves (Cont.) 

Supply Current vs. OsciHation Frequency 
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^^^^ 
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Oscillation Frequency, f(MHz), (f = 15 tcv) 



Cycle Time vs. Supply Voltage 
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Supply Voltage, Vcc (V) 

Supply Current vs. Oscillation Frequency® 



8 
5 
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V^r = 


5.5V 










y" 


/ 










Ice Max 


iccTy^^ 
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^^^ 


■' 




r 






05 

0.2 
01 
f>05 
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- 






Ice, Maj 






..-'^' 
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IccTy^ 


,^ 




.'-'' 
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51 02 05 1 2 4 

Oscillation Frequency. f(MHz). (f = 15 tcv) 



Port Control Hold After PROG, tp^ Max (iJiPD80C49), and Address to 
Output Delay, tgcc Min (ixPD82C43), vs. Supply Voltage 

















\ 












^ 


^PD82C43 
\*acc Mm 






^PD80C49 \ \ 
tp,Max \ 


\> 












V 



















Supply Voltage. Vcc (V) 



Current Consumption as a Function of Temperature — Normal 
Operating Mode 











f = 6MHz 
Vcc = 5.5V 








-^^Jcc 


- 




























~— __Jcct 
















Halt Mode 



-40 25 85 

Temperature, Tg (°C) 



Current Consumption as a Function of Operating Frequency - 
Normal Operating Mode 



















V( 


;c = 5 


>V 




















;z 




















y 




















_y 






























^ 












y^ 










< 
E 4 










Max/ 






/• 


r" 




H 










, /^ 




A 
















,.^ 


y 


< 














^ 


X 


































































, 










, 







0.2 0.5 1 2 4 6 

Oscillator Frequency (MHz) 



Note: ©External oscillation is assumed for frequency less than 1 MHz. Internal oscillation 
requires more power. 
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Operating Characteristic Curves (Cont.) 

Current Consumption as a Function of Temperature — Stop Mode 











Vcc = 5.5V 




/ 


/ 


>/Max 


/ 


/ 


/ 


/ 


^ 


Typ 



Temperature, T, (X) 



Package Outlines 

For information, see Pacicage Outline Section 7. 

Plastic, fxPD80C49C/C39C 
Plastic Shrinkdip, |xPD80C49HC 
Plastic Miniflat, ^PD80C49G/C39G 




80C49/80C39DS-Rev/1-7-8-83-CAT-L 
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SEC 




MICROPROCESSORS 



SEC 



|xPD780/txPD780-1/|JLPD780-2 

HIGH-PERFORMANCE 

CP/M®-COMPATIBLE NMOS 

8-BIT MICROPROCESSOR 



Description 

The fxPD780 microprocessor utilizes a highly con- 
sistent architectural organization, a comprehensive 
instruction set that is a superset of the industry-standard 
8080A instruction set, and third-generation technology, to 
provide a flexible, high-performance, efficient CPU easily 
adaptable to a very broad range of industrial and commer- 
cial applications. 

All software developed on BOBOA-based systems may 
be run on 7B0-based systems as a subset of the full 7B0 
instruction set. In addition, the NEC |jlPD7B0 is fully 
pin-compatible and software-compatible with the ZBO® 
microprocessor and is therefore perfectly suited for 
CP/M® designs. The NEC ^xPD7B0 provides system 
designers with powerful, wide-range logic capability that 
requires minimal additional circuitry to complete a micro- 
computer system. 

The output signals of the |jlPD7B0 are fully decoded and 
signal timing is fully compatible with industry-standard 
memory and peripheral devices. Two faster versions of the 
basic |jlPD780 (2.5MHz master clock rate) are offered by 
the fxPD7B0-1 (4MHz master clock rate) and the jxPD780-2 
(6MHz master clock rate). Other than clock rates, all three 
versions are identical. 
Features 
D Powerful, wide-range logic capability requiring minimal 

support circuitry 
D Fully ZBO®-compatible 
D Industry-standard BOBOA software compatibility 
D CP/M®-compatible 
D Comprehensive, powerful instruction set featuring 158 

instruction types 
n Vectored, multilevel interrupt structure 
D Highly consistent architectural structure featuring dual 

register set 
n Foreground/background programming 
D Automatic refreshing of external dynamic memory 
D Signal timing compatible with industry-standard mem- 
ory and peripheral devices 
D TTL-compatible signals 

D Single-phase + 5V clock and + 5VDC power supply 
n Available in plastic package 

®Z80 IS a registered trademark of Zilog, Inc 

®CP/M IS a registered trademark of Digital Research Corporation 



Pin Configuration 



07 

Do 

0^ 

INT 

NMl 

HALT 

MREQ 

JORQ 



C 

C 

CIS 

C16 

C17 

C18 

C19 

C 20 



iJiPD 
780/ 
780-1/ 
780-2 



40 2 ^n 
39 3 Ag 
38 J As 
37 2 A7 
36 3 Ae 
35 D As 
DA4 
33 P A3 
32 
31 
30 



1 A2 
3 A, 
D Ao 

2 GND 
2 RFSH 

2M^ 

2 RlSET 
2 BUSRQ 
2 WATf 

2 BUSAK 
2 WR 
2 RD 



Pin Identification 





Pin 


Name 


Function 


No. 


Symbol 


1-5 
30-40 


A0-A15 


Address Bus 


These three-state output lines constitute a 
16-bit address bus. Lines Ag-Ag output 
the external memory address during 
refresh operations 


6 


4) 


Clock 


This line is used as an input for external 
clock sources. 


7-10 
12-15 


D0-D7 


Data Bus 


These three-state I/O lines constitute an 
8-bit bidirectional data bus 


11 


+ 5V 


Power Supply 


Single + 5V power supply. 




Interrupt Request This active-low input line is used for inter- 
rupt requests by external I/O devices. 
Interrupts are serviced upon completion 
of the current instruction if the Interrupt 
Enable Flip-Flop (IFF) has been turned on 
by the software. There are three interrupt 
response modes: the mode-0 response is 
equivalent to an 8080 interrupt response, 
mode 1 uses location 0038(h) as a restart 
address, and mode 2 is a simple vectoring 
to an interrupt-service routine that can be 
located anywhere in memory. 

Nonmaskable This active-low input line is used for non- 
Interrupt maskable interrupts. A nonmaskable 

interrupt is always acknowledged at the 
end of the current instruction, regardless 
of whether or not the interrupt Enable Flip- 
Flop has been turned on, except when the 
BUSRQ signal is ass erted. Be cause of the 
higher priority of the BUSRQ signal, it is 
ackn owled ged before the NMl signal. 
When NMl is acknowledged, program 
execution automatically restarts from 
location 0066(h)- 



18 HALT Halt State 



This active-low input line is used with the 
HALT instruc tion to initiate a halt state. 
When HALT is asserted, program execu- 
tion stops and does not resume until an 
interrupt is generated. During the halt 
state, NOPs are executed in order to con- 
tinue memory refresh operations. 



19 MREQ Memory Request 



This three-state active-low output line is 
used to indicate that the address specified 
for the memory read or write operation 
IS valid. 



REy/2 
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Pin Identification (Cpnt.) 



No. Symbol 



Function 



20 lORQ I/O Request This three-state active-low output line is 

used to indicate that the lower half of 
the address bus holds a valid address for 
an I/O read or write operation. During 
interrupt acknowledge cycles, lORQ 
and Mi are asserted together to indicate 
that a vector address can be sent to the 
data bus. 



21 RD 



This three-state active-low output line is 
used to strobe data from external memory 
or I/O devices onto the data bus. RD is 
asserted to indicate that the CPU is 
requesting data from external memory or 
I/O devices This line is three-stated dur- 
ing halt or reset conditions. 



22 WR 



This three-state active-low output line is 
used to strobe data from the data bus to 
external memory or I/O devices WR is 
asserted to indicate that the data bus 
holds valid data. This line is three-stated 
during halt or reset conditions. 



23 BUSAK Bus Acknowledge This active-low output line is used to 

inform the device requesting bus control 
that the data bus, address bus, and all 
three- state bus co ntrol signals (RD, WR, 
lORQ, and IMREQ) are in a high-impedance 
state and the requesting device can now 
assume control. 

24 WAIT Wait State This active-low input line is used to indi- 

cate that external memory or I/O devices 
addressed by the C PU are not ready to 
transfer data. When WAIT is asserted, the 
CPU is placed in a wait condition 



25 BUSRQ 



26 RESET 



This active-low input signal is used to 
place the data bus, address bus, and all 
three- stat e bus co ntrol signals (WR, RD, 
lORQ, and MREQ) in a high-impedance 
state to allow a requestin g device to 
assume bus control. The BU SRQ signal 
has a higher priority than the NMI signal 
and is always honored at the end of the 
current machine cycle ® 

This active-low input signal is used to ini- 
tialize the CPU. When RESET is asserted, 
the Interrupt Enable Ftip-Flop is reset, the 
program counter and the I and R registers 
are cleared, and interrupt response mode 
IS enabled. In a reset condition, the 
address and data buses are three-stated 
and all output control signals are inactive, 
after which program execution begins 
from address 0000 ® 



Machine Cycle 1 This active-low output line is used to indi- 
cate that the current machine cycle is the 
opcode fetch phase of an instruction 
execution. 



Refresh This active-low o utput li ne is used in con- 

junction with the MREQ signal to initiate a 
refr esh rea d of all exte rnal dynamic mem- 
ory. RFSH and MREQ are both asserted 
when the least-significant 7 bits of the 
address on the address bus hold a valid 
external dynamic memory address. 



29 



GND 



Ground 



Ground potential 



Notes: ® Excessive DMA operations resulting in long penods in which BUSRQ is asserted 
can impair the CPU's ability to adequately refresh the dynamic RAMs 
BUSRQ does not; have an internal pull-up resistor For input signals to this pin in a wire- 
OR'ed configuration, an external pull-up resistor should be used 
(D The pulse width of RESET must be a minimum of 3 clock cycles in length to reinitialize 
the CPU and stabilize operation 



Architecture 

The architecture includes a dual set of six 8-bit general- 
purpose registers and two 8-bit accumulators and flag 
registers. A flexible vectored interrupt structure is sup- 
ported by an 8-bit interrupt vector register that provides 
the most-significant 8 bits of a pointer to a table of vector 
addresses, while the requesting device generates the 
least-significant 8 bits of the pointer. Two 16-bit index 
registers enable the manipulation of tabular data as 
well as facilitating code relocation. 
Multilevel interrupts as well as virtually unlimited subroutine 
nesting are supported by a 16-bit stack pointer and compli- 
mentary 16-bit program counter, enhancing the speed and 
efficiency of a wide variety of data-handling operations. 
Processing efficiency is additionally supported by a special 
memory refresh register that enables automatic refreshing 
of all external dynamic memory with minimal processor 
overhead. 

The dual set of general-purpose registers may be used 
as individual 8-bit registers or paired as 16-bit registers. 
The dual register set (including a dual accumulator and flag 
register) not only allows more powerful addressing and data 
transfer operations, but also permits programming in fore- 
ground/background mode for vastly improved throughput. 
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Block Diagram 




B 



Read/Write Control 



Timing Control 



System Control 



BUSRQ BUSAK 



WAIT RESET RFSH 



Instruction Set 

The instruction set of the |jlPD780 consists of 158 types of 
instructions divided into 16 categories as follows: 



8-bit load operations 
register exchanges 
memory block searches 
1 6-bit arithmetic operations 
rotate and shift operations 
jump operations 
restart operations 
miscellaneous operations 
1 6-bit load operations 
memory block transfers 



8-blt arithmetic and logic 

operations 
bit set, reset, and test 

operations 
I/O operations 
call operations 
return operations 
general-purpose 

accumulator and flag 

operations 



This comprehensive instruction set is made more pow- 
erful by the array of addressing modes implemented by the 
architecture, as follows: 



bit addressing 
register-indirect addressing 
immediate addressing 
extended addressing 
implied addressing 
register addressing 



relative addressing 
immediate-extended 

addressing 
indexed addressing 
modified page zero 

addressing 
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Instruction Set (Cont.) 



MNEMONIC 


SYMBOLIC 
OPERATION 


DESCRIPTION 


NO. 
BYTES 


NO.T 
STATES 


FLAGS 
C Z P/V S 


N H 


OPCODE 1 
76 543 210 1 


ADC HL, ss 


HL^HL + ss + CY 


Add with carry reg pair ss to HL 


1 


15 


t t V 1 


X 


11 
01 


101 
ssl 


101® 
010 


ADCA.r 


A^ A + r + CY 


Ado" with carry Reg r to ACC 


1 


4 


t 1 V t 


I 


10 


001 


rrr® 


ADC A,n 


A<- A + n +CY 


Add with carry value n to ACC 




7 


J t V t 


t 


11 

nn 


001 

nnn 


110 


ADCA, (HL) 


A^A + (HL) +CY 


Add with carry loc (HL) to ACC 




7 


t t V t 


t 


10 


001 


110 


ADC A, (IX + d) 


A^ A + (IX +d) + CY 


Add with carry loc (IX + d) to ACC 




19 


1 t V t 


t 


11 
10 
dd 


Oil 
001 
ddd 


101 
110 
ddd 


ADCA,(IY + d) 


A^ A + (lY +d) + CY 


Add with carry loc (lY + d) to ACC 




19 


t t y t 


t 


11 
10 
dd 


111 
001 
ddd 


101 
110 
ddd 


ADD A, n 


A^ A + n 


Add value n to ACC 


2 


7 


t t V t 


t 


11 


000 
nnn 


110 
nnn 


ADDA, r 


A-A + r 


Add Reg. r to ACC 


1 


4 


1 t V t 


1 


10 


000 


rrr® 


ADDA, (HL) 


A^A+(HL) 


Add location (HL) to ACC 


1 


7 


t t V 1 


t 


10 


000 


110 


ADDA, (IX + d) 


A^ A+(IX + d) 


Add location (IX + d) to ACC 


3 


19 


1 t V 1 


1 


11 
10 
dd 


Oil 
000 
ddd 


101 
110 
ddd 


ADD A, (lY +d) 


A--A + (IY+d) 


Add location (1 Y + d) to ACC 


3 


19 


t t V t 


1 


11 
10 
dd 


111 
000 
ddd 


101 
110 
ddd 


ADD HL, ss 


HL^HL + ss 


Add Reg. pair ss to HL 


1 


11 


1 • • • 


X 


00 


ssl 


001® 


ADD IX, pp 


IX - IX + pp 


Add Reg. pair pp to IX 


2 


15 


t • • • 


X 


11 

00 


Oil 
ppl 


101© 
001 


ADD lY, rr 


!Y^ !Y +rr 


Add Reg. pair rr to lY 


2 


15 


t • • • 


X 


11 

00 


111 

rrl 


101® 
001 


AND r 


A-AAr 


Logical 'AND' of Reg r A ACC 




4 


t P t 


t 


10 


100 


rrr® 


AND n 


A^ AAn 


Logical 'AND' of value n A ACC 




7 


1 P t 


t 


11 


100 


110 


AND (HL) 


A *- AA(HL) 


Logical 'AND' of loc (HL) A ACC 




7 


t P t 


t 


10 


100 


110 


AND(IX+d) 


A-AA(IX + d) 


Logical 'AND' of loc (IX + d) A ACC 




19 


t P 1 


t 


11 

10 
dd 


oil 

100 
ddd 


101 
110 
ddd 


AND (lY+d) 


A-AA(IY + d) 


Logical 'AND' of loc (lY + d) A ACC 




19 


1 P t 


t 


11 
10 
dd 


111 
100 
ddd 


101 
110 
ddd 


BITb, (HL) 


Z - (HL) b 


Test BITb of location (HL) 


2 


12 


• t X X 


1 


11 
01 


001 
bbb 


Oil© 
110 


81Tb, (IX +d) 


Z*-(IX +d)b 


Test BIT bat location (IX +d) 


4 


20 


• t X X 


1 


11 
11 
dd 
01 


Oil 
001 
ddd 
bbb 


101® 

oil 

ddd 
110 


BITb, (lY +d) 


Z- (lY +d) b 


Test BIT b at location (lY + d) 


4 


20 


• t X X 


1 


11 
11 
dd 
01 


111 
001 
ddd 
bbb 


,01© 

oil 

ddd 
110 


BITb, r 


Z-rb 


Test BIT of Reg. r 


2 


8 


• J X X 


1 


11 
01 


001 
bbb 


?;;®© 


CALLcc, nn 


If condition cc false continue. 


Call subroutine at location nn if 


3 


10 


• • o • 


• • 


11 


•^c->- 


100® 




else same as CALL nn 


condition cc is true 










nn 


nnn 


nnn 


CALLnn 


(SP - 1 ) ^ PC^, 
(SP-2)-PC, 


Unconditional call subroutine at 
location nn 


3 


17 






11 
nn 


001 

nnn 


101 








PC - nn 












nn 


nnn 


nnn 


CCF 


CY^CY 


Complement carry flag 


1 


4 


J • • • 


X 


00 


111 


111 


CPr 


A- r 


Compare Reg r with ACC 




4 


J t V t 


1 t 


10 


111 


rrr® 


CPn 


A-n 


Compare value n with ACC 




7 


t t V t 


1 t 


11 


111 
nnn 


110 


CP(HL) 


A-(HL) 


Compare loc (HL) with ACC 




7 


t t V t 


1 t 


10 


111 


110 


CP (IX +d) 


A-(IX+d) 


Compare loc (IX + d) with ACC 




19 


t t V t 


1 t 


11 
10 
dd 
11 


Oil 
111 
ddd 
111 


101 
110 
ddd 
101 


CP(IY+d) 




Compare loc (lY + d) with ACC 




19 


t t y i 


1 t 


10 
dd 


111 
ddd 


110 
ddd 


CPD 


A - (HL) 


Compare location (HL) and ACC, 


2 


16 


. I®,®: 


1 1 


11 


101 


101 




HL^ HL-1 


decrement HLandBC 










10 


101 


001 




BC - BC 1 


















CPDR 


A-(HL) 


Compare location (HL) and ACC, 


2 


21 ,f BC - 


. t® t® : 


1 I 


11 


101 


101 




HL-^HL-1 


decrement HL and BC, repeat until 




andA^ (HL) 






10 


111 


001 




BC *- EC - 1 


BC = 




16 if BC = 














until A = (HL) or BC = 






or A= (HL) 
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rjiPD780/780-1/780-2 



Instruction Set (Cont.) 



MNEMONIC 


SYMBOLIC 
OPERATION 


DESCRIPTION 


NO. 
BYTES 


NO. T 
STATES 


FLAGS 
C 2 P/V S N H 


OPCODE 
76 543 210 


CPI 


A- (HL) 
HL^HL+ 1 
BC ^ BC - 1 


Compare location (HL) and ACC, 
increment HL and decrement BC 


2 


16 


. 1®,®, , , 


11 101 101 
10 100 001 


CPIR 


A- (HL) 

HL^ HL+ 1 

BC-BC- 1 

until 

A = (HL)orBC = 


Compare location (HL) and ACC, 
increment HL, decrement BC 
Repeat until BC = C 


2 


21 if BC = 
and A?' (HL) 
16 if BC = 
or A= (HL) 


. t® t® t 1 : 


11 101 101 
10 110 001 


CPL 


A ^ A 


Complement ACC (1'scomp ) 


1 


4 


• • • • 11 


00 101 111 


DAA 




Decimal adjust ACC 


1 


4 


t t p t • t 


00 100 111 


DECr 
DEC(HL) 
DEC(IX + d) 

DEC(IY + d) 


r^r- 1 

(HL)^(HL)-1 
(IX+d)^(IX+d)- 1 

(IY+d)^(IY + d)- 1 


Decrement Reg r 
Decrement loc (HL) 
Decrement loc (IX + d) 

Decrement loc (lY 4 d) 




4 
11 
23 

23 


• • • • 
< < < < 


00 rrr 101® 
00 110 101 
11 Oil 101 
00 110 101 
dd ddd ddd 
11 111 101 
00 110 101 
dd ddd ddd 


DEC IX 


IX *- IX - 1 


Decrement IX 


2 


10 




11 011 101 
00 101 Oil 


DEC lY 


lY ^ lY - 1 


Decrement lY 


2 


10 




11 111 101 
00 101 Oil 


DECss 


ss ■«- ss - 1 


Decrement Reg pair ss 


1 


6 




00 ssl Oil® 


Dl 


IFF ^0 


Disable interrupts 


1 


4 




11 110 Oil 


DJNZ, e 


B-B-1ifB = 
continue if B ^^ 
PC ^ PC + e 


Decrement B and |ump relative if 
B = 


2 


8 




00 010 000 


El 


IFF<-1 


Enable interrupts 


1 


4 




11 111 Oil 


EX (SP), HL 


H-(S^+1) 
L-(SP) 


Exchange the location (SP) and HL 


1 


19 




11 100 Oil 


EX (SP), IX 


IXu-- (SP + 1) 
IXl--(SP) 


Exchange the location (SP) and IX 


2 


23 




11 Oil 101 
11 100 oil 


EX (SP), lY 


lY^- (SP+1) 

iy"-(sp) 


Exchange the location (SP) and lY 


2 


23 




11 111 1 01 
11 100 oil 


EX AF, AF' 


AF« AF' 


Exchange the contents of AF, AF 


1 


4 




00 001 000 


EX DE, HL 


DE-HL 


Exchange the contents of DE and HL 


1 


4 




11 101 oil 


EXX 


BC-BC 
DE-DE' 
HL-HL' 


Exchange the contents of BC, DE, HL 
with contents of BC ', DE ', H L ', 
respectively 


1 


4 




11 011 001 


HALT 


Processor Halted 


HALT (wait for interrupt or reset) 


1 


4 




01 110 110 


IMO 




Set Interrupt mode 


2 


8 




11 101 101 
01 000 110 


IM 1 




. Set interrupt mode 1 


2 


8 




11 101 101 
01 010 110 


IM2 




Set Interrupt mode 2 


2 


8 




11 101 101 
01 oil 110 


IN A, (n) 


A^{n) 


Load ACC with input from device n 


2 


11 




11 oil oil 

11 101 101^ 
01 rrr 000 


IN r, (C) 


r-(C) 


Load Reg r with input from device 
(C) 


2 


12 


• t P t t 


INC(HL) 


(HL) *- (HL) + 1 


Increment location (HL) 


1 


11 


• t V t t 


00 110 100 


INC IX 


IX ■>- IX + 1 


Increment IX 


2 


10 


• • • • • • 


11 oil 101 
00 100 011 


INC(IX+d) 


(IX + d) *-(IX +d)+ 1 


Increment location (IX + d) 


3 


23 


• t V t t 


11 oil 101 
00 110 100 
dd ddd ddd 


INC lY 


lY <^ lY + 1 


Increment lY 


2 


10 


• • • • • • 


11 111 101 
00 100 Oil 


INC (lY+d) 


(IY+d)*-(IY+d) + 1 


Increment location (lY + d) 


3 


23 


• t V t t 


11 111 101 
00 110 100 
dd ddd ddd 

00 rrr 100® 

00 ssO Oil® 


INCr 


r^r+1 


Increment Reg r 


1 


4 


• t V t t 


INCss 


ss +- ss + 1 


Increment Reg. pair ss 


1 


6 


• • • • • • 

• t® X X IX 


IND 


(HL)*-(C) 
B - B- 1 
HL^HL- 1 


Load location (HL) with input from 
port (C), decrement HL and B 


2 


16 


11 101 101 
10 101 010 
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|jiPD780/780-1/780-2 

Instruction Set (Cont.) 



MNEMONIC 


SYMBOLIC 
OPERATION 


DESCRIPTION 


NO 
BYTES 


NO T 
STATES 


FLAGS 
C Z P/V S N H 


OPCODE 
76 543 210 


INDR 
INI 


(HL)-(C) 

B -B - 1 

HL ♦- HL - 1 until B = 

(HL) - (C) 
B - B- 1 
HL-HL+1 


Load location (HL) with input from 
port (O, decrement HL and decre 
ment B, repeat until B = 
Load location (HL) with input from 
port (O, and increment HL and 
decrement B 


2 


21 
16 


• 1 XX IX 

. :® X X 1 X 


11 101 101 

10 111 010 

11 101 101 
10 100 010 


INIR 


(HL) -(C) 

B-B- 1 

HL - HL -H 1 until B = 


Load location (HL) with input from 
port (C), increment HL and decre- 
ment B, repeat until B = 


2 


21 


• 1 XX IX 


11 101 101 
10 110 010 


JP(HL) 


PC- HL 


Unconditional jump to (HL) 


1 


4 




11 101 001 


JP(IX) 


PC- IX 


Unconditional jump to (IX) 


2 


8 




11 oil 101 
11 101 001 


JP(IY) 


PC- lY 


Unconditional jump to (lY) 


2 


8 




11 111 101 
11 101 001 

11 -^c- 010® 


JP cc, nn 


If cc true PC- nn else continue 


Jumo to location nn if condition cc 


3 


10 








IS true 








nn nnn nnn 


JP nn 


PC - nn 


Unconditional jump to location nn 


3 


10 




11 000 oil 

nn nnn nnn 


JR C, e 


If C - continue 
If C= 1 PC^ PC + e 


Jump relative to PC -i- e, if carry - 1 


2 


7 if condition 
met 12, if 




00 111 000 


JR e 


PC - PC + e 


Unconditional jump relative to PC + e 


2 


12 




00 oil 000 


JR NC, e 


If C = 1 continue 
If C = OPC- PC f e 


Jump relative to PC -i- e if carry = 


2 


7 




00 110 000 


JR NZ, e 


If Z = 1 continue 


Jump relative to PC -f e if non-zero 
(Z - 0) 


2 


7 




00 100 000 


JR Z, e 


If Z = continue 


Jump relative to PC -*- e if zero 

(Z = 1) 


2 


7 




00 101 000 


LD A, (BC) 


A- (BC) 


Load ACC with location (BC) 


1 


7 




00 001 010 


LD A, (DE) 


A-(DE) 


Load ACC with location (DE) 


1 


7 




00 oil 010 


LD A, 1 


A- 1 


Load ACC with 1 


2 


9 


• I IFF t 


11 101 101 
01 010 111 


LD A, (nn) 


A-(nn) 


Load ACC with location nn 


3 


13 




00 111 010 

nn nnn nnn 


LD A,R 


A- R 


Load ACC with Reg R 


2 


9 


• 1 IFF J 


11 101 101 
01 oil 111 


LD (BC), A ' 
LD(DE), A 
LD (HL),n 


(BO- A 
(DE)^A 

(HL) - n 


Load location (BC) with ACC 
Load location (DE) with ACC 
Load location (HL) with value n 


1 


7 

•7 




00 000 010 


2 


10 




00 110 110 














nn nnn nnn 


LD ss, nn 


SS — nn 


Load Reg pair ss with value nn 


4 


20 




00 ssO 001 ® 

nn nnn nnn 


LD HL, (nn) 


H - (nn+ 1) 
L^ (nn) 


Load HL with location (nn) 


3 


16 




00 101 010 

nn nnn nnn 


LD(HL),r 


(HL) - r 


Load location (HL) with Reg r 


1 


7 




01 110 rrr® 


LD 1, A 


1 - A 


Load 1 with ACC 


2 


9 




11 101 101 
01 000 111 


LD IX, nn 


IX - nn 


Load IX with value nn 


4 


19 




11 Oil 101 
00 100 001 


LD IX, (nn) 


IXu-(nn-f 1) 
IX^- (nn) 


Load IX with Tocation (nn) 


4 


20 




11 Oil 101 
00 101 010 

nn nnn nnn 


LD(IX+d),n 


(IX +d)- n 


Load location (IX -h d) with value n 


4 


19 




11 Oil 101 

00 110 110 
dd ddd ddd 

nn nnn nnn 

11 Oil 101® 

01 110 rrr 
dd ddd ddd 


LD(IX-fd), r 


(IX -Hd)- r 


Load location (IX -t- d) with Reg r 


3 


19 
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|xPD780/780-1/780-2 



Instruction Set (Cont.) 





SYMBOLIC 




NO 


NO T 


FLAGS 


OPCODE 1 


MNEMONIC 


OPERATION 


DESCRIPTION 


BYTES 


STATES 


C Z P/V S N H 


76 


543 210 


LD lY, nn 


lY - nn 


Load lY with value nn 


4 


14 




11 
00 


111 101 
100 001 


LD lY, (nn) 


lY^, - (nn + 1) 
\y\^' (nn) 


Load lY with location (nn) 


4 


20 




1 1 


111 101 












00 


101 010 














nn 


nnn nnn 














nn 


101 101® 


LDss, (nn) 


ss^ - (nn+ 1) 
ss^'-(nn) 


Load Reg pair dd with location (nn) 


4 


20 




11 












01 


ssl Oil 












nn 


nnn nnn 














nn 


nnn nnn 


LD (lY + d), n 


(lY + d)' n 


Load (lY + d) with value n 


4 


19 




11 
00 
dd 


111 101 
110 110 
ddd ddd 


LD (lY +d), r 


(lY + d) • r 


Load location (lY + d) with Reg r 


3 


19 




11 
01 
dd 


111 101® 
110 rrr 
ddd ddd 


LD (nn), A 


(nn) *- A 


Load location (nn) with AGO 


3 


13 




00 


110 010 
101 101® 


LD (nn), ss 


(nn+ 1) ♦ ss^ 


Load location (nn) with Req pairdd 


4 


20 




11 




(nn) ^ ss^^ 










01 


ssO Oil 

nnn nnn 


LD (nn), HL 


(nn+ 1) - H 
(nn)-L 


Load location (nn) with HL 


3 


16 




00 


100 010 


LD (nn), IX 


(nn + 1)^ IX 
(nn)^IX^_ ^ 


Load location (nn) with IX 


4 


20 




11 


Oil 101 












00 


100 010 














nn 


nnn nnn 














nn 


nnn nnn 


LD (nn), lY 


(nn + 1).-IY 
(nn)-IY^ 


Load location (nn) with lY 


4 


20 




11 


111 101 












00 


100 010 














nn 


LD R, A 


R -A 


Load R with ACC 


2 


y 




11 
01 


101 101 
001 111 


LDr, (HL) 


r- (HL) 


Load Reg r with location (HL) 


1 


7 




01 


'rrr 110® 
Oil 101® 


LDr, (IX +d) 


r- (IX +d) 


Load Reg r with location (IX + d) 


3 


19 




11 














01 


rrr 110 














dd 


ddd ddd 


LDr, (lY + d) 


r- (lY + d) 


Load Reg r with location (lY + d) 


3 


19 




11 

01 
dd 


111 101® 
rrr 110 
ddd ddd 

rrr 110® 


LDr, n 


r^n 


Load Reg r with value n 


2 


7 




00 














nn 


nnn nnn 


LD, r,r' 


r*-r' 


Load Reg r with Reg r 


1 


4 




01 


rrr rrr'© 


LDSP, HL 


SP-HL 


Load SP with HL 


1 


6 




11 


111 001 


LD SP, IX 


SP- IX 


Load SP with IX 


2 


10 




11 
11 


oil 101 
111 001 


LDSP, lY 


SP - lY 


Load SPwith lY 


2 


10 




11 
11 


111 101 
111 001 


LDD 


(DE)-(HL) 


Load location (DE) with location 


2 


16 


• • I • 


11 


101 101 




DE-DE- 1 


(HL), decrement DE, HL and BC 








10 


101 000 




HL - HL - 1 
















BC *- BC - 1 














LDDR 


(DE) - (HL) 


Load location (DE) with location 


2 


21 


• • • 


11 


101 101 




DE-DE~ 1 


(HL) 








10 


111 000 




HL-HL - 1 
















BC - BC 1 until BC = 














LD! 


(DE)- (HL) 


Load location (DE) with location 


2 


16 


• • \^m 


11 


101 101 




DE- DE + 1 


(HL), incrennent DE, HL, decrement 








10 


100 000 




HL- HL + 1 


BC 














BC - BC - 1 














LDIR 


(DE)- (HL) 


Load location (DE) with location 


2 


21 if BC^O 


• • • 


11 


101 101 




DE-DE + 1 


(HL), increment DE, HL, decrement 




16if BC = 




10 


110 000 




HL- HL + 1 


BC and repeat until BC = 














BC - BC - 1 until BC = 














NEG 


A - 0- A 


Negate ACC (2's complement) 


2 


8 


I I V t 11 


11 

01 


101 101 
000 100 



B 
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Instruction Set (Cont.) 



MNEMONIC 


SYMBOLIC 
OPERATION 


DESCRIPTION 


NO 
BYTES 


NO T 
STATES 


FLAGS 
C Z P/V S 


N 


H 


OPCODE 1 
76 543 210 1 


NOP 




No operation 


1 


4 


• • • • 


• 


• 


00 


000 


000 


OR r 


A- AVr 


Logical 'OR' of Reg r and AGO 




4 


dip: 





I 


10 


110 


rrr® 


ORn 


A *- AV n 


Logical 'OR' of value n and AGO 




7 


• t p 1 





I 


1 1 


110 


110 


OR (HL) 


A- AV (HL) 


Logical 'OR' of loc (HL) and AGG 




7 


• 1 p I 





I 


nn 
10 


110 


110 


OR (IX +d) 


A'- (IX +d) 


Logical 'OR' of loc (IX + d) A AGG 




19 


• 1 p I 





t 


11 
10 
dd 


oil 

110 
ddd 


101 
110 
ddd 


OR (lY + d) 


A- AV (lY +d) 


Logical 'OR' of loc (IY + d) A AGG 




19 


• ! P ! 





I 


11 
10 
dd 


111 
110 
ddd 


101 
110 
ddd 


OTDR 


(C)' (HL) 


Load output port (G) with contents 


2 


21 ,f 8 /O 


• 1 X X 


1 


X 


11 


101 


101 




B-B 1 


of location (HL), decrement HL 




16ifB G 








10 


111 


Oil 




HL- HL 1 until 8 = 


and B, repeat until B = 


















OTIR 


(O- (HL) 


Load output port (C) with location 


2 


21 if 8 ^ 


• 1 X X 


1 


X 


11 


101 


101 




8 - B - 1 


(HL), increment HL, decrement B, 




16 if 8 C 








10 


110 


Oil 




HL- HL + 1 until B = 


lepeat until B - 


















OUT{C),r 


(C) - r 


Load output port (G) with Req r 


2 


12 


• • • • 


• 


• 


1 1 
01 


101 


101® 
001 


OUT(n), A 


(n) • A 


Load output port (n) with AGG 


2 


" 


• • • • 


• 


• 


11 


010 


oil 


OUTD 


(C)-- (HL) 
8-8- 1 
HL HL-1 


Load output port (G) with location 
(HL), increment HL and 
decrement 8 


2 


16 


. .®X X 


1 


X 


11 
10 


101 
101 


101 

oil 


OUT! 


(C) •- (HL) 
8- B 1 
HL HL + 1 


Load output port (G) with location 
(HL), inclement HL and 
decrement B 


2 


16 


. ® X X 


1 


X 


1 1 


ini 
ICO 


101 

oil 


POP IX 


IX - (SP+ 1) 
IX^- (SP) 


Load IX with top of stack 


2 


14 








11 
11 


oil 
100 


101 
001 


POP lY 


\y^ - (SP + 1) 
lY^- (SP) 


Load IY with top of stack 


2 


14 








1 1 
1 1 


111 

100 


101 
001 


POPqq 


qq^- (SP+ 1) 
qq^- (SP) 


Load Reg pair qq with top of stack 


1 


10 








11 


qqO 


001© 


PUSH IX 


(SP 2) - IX 
(SP 1) - IX^ 


Load IX onto stack 


2 


15 








11 


Oil 


101 
















11 


100 


101 


PUSH lY 


(SP - 2) • lY 
(SP 1). lY^ 


Load IY onto stack 


2 


15 








11 


111 


101 
















11 


100 


101 


Push qq 


(SP 2)^qq, 
(SP - D- qqj^ 


Load Reg pair qq onto stack 


1 


11 








11 


qqO 


101© 






















RES b, r 


Sb- 


Reset Bit bof Reg r 




8 








11 


001 


?;;i 


















10 


bbb 


RESb,(HL) 


Sb- 0, (HL) 


Reset Bit b of loc (HL) 




15 








11 

10 


001 
bbb 


oil 

110 


RESb, (IX + d) 


Sb- 0, {IX ■^d) 


Reset Bit bof loc (IX + d) 




23 








11 
11 
dd 

10 


Oil 
001 
ddd 
bbb 


101 

oil 

ddd 
110 


RESb, (lY + d) 


Sb- 0, (lY + d) 


Reset Bit b of loc (IY + d) 




23 








11 
11 

dd 
10 


111 
001 
ddd 
bbb 


101 
Oil 
ddd 
110 


RET 


PC, - (SP) 
PC^- (SP+ 1) 


Return from subroutine 


' 


10 








11 


001 


001 


RETcc 


If condition cc is false 
cont else (PCl • (SP) 
PCh - (SP+ 1) 


Return from subroutine if condition 
CC IS true 


1 


5 If GG false 
11 if CGtrue 








11 


-cc - 


000® 


RET! 




Return from interrupt 


2 


14 








11 
01 


101 
001 


101 
101 


RETN 




Return from non maskable interrupt 


2 


14 








11 
01 


101 
000 


101 
101 


RLr 




Rotate left through carry Reg r 




2 


t I p I 








11 
00 


001 
010 


oil® 


RL (HL) 




Rotate left through carry loc (HL) 




4 


1 I p I 








11 
00 


001 
010 


oil 
no 




RL (IX +d) 




Rotate left through carry loc (IX + d) 




6 


IIP! 








11 


oil 


101 


( - \ 1 




L_|cvH '• *^ 














n 

dd 


001 
ddd 


oil 

ddd 






m r, (HL), 














00 


010 


110 


RL (lY+d) 


(IX +d), 
(IY +d), a 


Rotate left through carry loc (IY + d) 




6 


I I P I 








11 
11 

dd 
00 


111 
001 
ddd 
010 


101 
Oil 
ddd 
110 


RLA 




Rotate left AGG through carry 


1 


4 


I • • • 








00 


010 


111 
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Instruction Set (Cont.) 



MNEMONIC 


SYMBOLIC 
OPERATION 


DESCRIPTION 


NO 
BYTES 


NO T 
STATES 


FLAGS 
C Z P/V S 


N 


H 


OPCODE 
76 543 210 


RLC (HL) 




Rotate location (HL) left circular 


2 


15 


1 : p : 








11 
00 


001 
000 


Oil 
110 


RLC (IX + d) 




Rotate location (IX + d) left circular 


4 


23 


I ; p : 








11 
11 

dd 


Oil 
001 
ddd 


101 
Oil 
ddd 


RLC (lY + d) 




Rotate location (lY + d) left circular 


4 


23 


! : p : 








00 
11 


000 
111 


110 
101 


, 1 1 


El-k'-H 
















11 


001 


01 1 




m- r, (HL), 














dd 


ddd 


ddd 




(IX +d),(IY +d), A 














00 


000 


110 


RLCr 




Rotate Reg r left circular 


2 


8 


: ; p : 








11 
00 


001 
000 


on® 


RLCA 
RLD 




Rotate left circular ACC 

Rotate digit left and right between 


2 


4 
18 


'. • • • 

• ! P I 










00 
11 


000 
101 


111 

101 


1 f 




a|7 4|3 o| |7 4l3 ol(HL) 
L_Xyj Lj_jJ£^ 


ACC and location (HL) 












01 


101 


111 


RR r 


Rotate right through carry Reg r 




2 


I I P 1 








11 


001 


oil® 


















00 


oil 


rr r 


RR (HL) 




Rotate right through carry loc (HL) 




4 


I 1 P t 








11 

00 


001 

oil 


Oil 
110 


RR (IX + d) 




Rotate right through carry loc 
(IX + d) 




6 


I 1 P 1 








11 
11 


oil 

001 


101 
Oil 


RR (lY +d) 




Rotate right through carry loc 




6 


1 t P 1 








dd 
00 
11 


ddd 
Oil 
111 


ddd 
110 
101 


1 L 1 


L^ 7 H£^ 




m- r, (HL), 


(lY + d) 












11 


001 


Oil 




(IX +d),(IY +d), A 














dd 
00 


ddd 
Oil 


ddd 
110 


RRA 




Rotate right ACC through carry 


1 


4 


! • • • 








00 


Oil 


111 


RRC r 




Rotate Reg r right circular 




2 


t t P I 








11 
00 


001 
001 


Oil® 


RRC (HL) 




Rotate loc (HL) right circular 




4 


I I P 1 








11 
00 


001 
001 


Oil 
110 


RRCdX +d) 




Rotate loc (IX + d) right circular 




6 


: t p 1 








11 

dd 
00 


Oil 
001 
ddd 
001 


101 

oil 

ddd 
110 


1 . 1 u 


U^ 7 -0[X|^ 




RRC(IY + d) 


m - r, (HL), 

(IX +d), (lY +d), A 


Rotate loc (lY + d) right circular 




6 


IIP! 








11 
dd 
00 


111 
001 
ddd 
001 


101 
Oil 
ddd 
110 


RRCA 




Rotate right circular ACC 


1 


4 


: • • • 








00 


001 


111 




RRD 


a|7 4|3 oI b 413 0|(HL) 


Rotate digit right and left between 


2 


18 


• I p : 








1 1 


101 


101 


RSTt 


*— V '— ^ 


ACC and location (HL) 
Restart to location T 


1 


11 


• • • • 


• 


• 


01 
11 


100 
1 1 1 


111 
111 


(SP 1)-PCh 




(SP 2)-PCl 






















PCh- 0, PCl" t 




















SBC A, r 


A - A r CY 


Subtract Reg r from ACC w/carry 


1 


4 


1 I V : 


1 


J 


10 


Oil 


rrr® 


SBC A, n 


A - A - n ~ CY 


Subtract value n from ACC with 
carry 




7 


I 1 V I 


1 


t 


11 


oil 


110 


SBC A, (HL) 


A - A (HL) - CY 


Sub loc (HL) from ACC w/carry 




7 


: t V I 


1 


I 


10 


oil 


110 


SBC A, (IX +d) 


A'~ A - (IX + d) - CY 


Subtract loc (IX + d) from 
ACC with carry 




19 


I : V I 


1 


t 


11 

10 

do 


oil 
oil 

ddd 


101 
110 
ddd 


SBC A, (lY + d) 


A-A (lY + d) CY 


Subtract loc (IY + d)from 
ACC with carry 




19 


t J V J 


1 


I 


11 
10 
dd 


111 
Oil 
ddd 


101 
110 
ddd 


SBCHL, ss 


HL- HL ss CY 


Subtract Reg pair ss from HL with 
carry 


2 


15 


I I V I 


1 


X 


11 
01 


101 
ssO 


101® 
010 


SCF 


CY - 1 


Set carry flag (C =- 1) 


1 


4 


1 • • • 








00 


110 


111 
oil® 


SETb, (HL) 


(HL)^-I 


Set Bit b of location (HL) 


2 


15 


• • • • 


• 


• 


11 


001 
















11 


bbb 


110 


SET b, (IX + d) 


(IX + d)^^- 1 


Set Bit bof location (IX + d) 


4 


23 


• • • • 


• 


• 


11 
11 
dd 
11 


Oil 
001 
ddd 
bbb 


101© 

oil 

ddd 
110 
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Instruction Set (Cont.) 





SYMBOLIC 




NO 


NO T 


FLAGS 


^"^ 




OPCODE 


MNEMONIC 


OPERATION 


DESCRIPTION 


BYTES 


STATES 


C Z P/V S 


N 


H 


76 543 210 


SETb,{IY + d) 


(IY+d)^.-1 


Set Bit bof location (lY + d) 


4 


23 


• • • • 


• 


• 


11 111 101© 
11 001 oil 
dd ddd ddd 
11 bbb 110 


SET b, r 


^b'-1 


Set Bit b of Reg r 


2 


8 


• • • • 


• 


• 


11 001 Oil® 
11 bbb rrr 


SLAr 




Shift Reg r left arithmetic 




8 


1 1 P 1 








11 001 Oil® 


SLA (HL) 
SLA (IX + d) 




Shift loc (HL) left arithmetic 
Shift loc (IX +d) left arithmetic 




15 
23 


1 t P t 
1 t P I 










00 100 rrr 
11 001 Oil 
00 100 110 
11 Oil 101 


[cy|-*-| 7-0 |-«-0 






m= r, (HL), (IX +d), (lY + d) 














11 001 011 
dd ddd ddd 
00 100 110 


SLA (lY + d) 




Shift loc (lY + d) left arithmetic 




23 


1 I P 1 








11 111 101 
11 001 Oil 
dd ddd ddd 
00 100 110 


SRAr 




Shift Reg r right arithmetic 




8 


I I P I 








11 001 Oil® 


SRA (HL) 
SRA (IX + d) 




Shift loc (HL) right arithmetic 
Shift loc {IX +d) right arithmetic 




15 
23 


IIP! 
I I P 1 










00 101 rrr 
11 001 Oil 
00 101 110 
11 Oil 101 


H'-^°|-*S 


1 ♦ 


















11 001 Oil 




msr,(HL),(IX +d),(IY + d) 














dd ciri<A ddd 
00 101 110 


SRA (lY + d) 




Shift loc (lY +d) right arithmetic 




23 


I t P I 








11 111 101 
11 001 Oil 
dd ddd ddd 
00 101 110 


SRLr 




Shift Reg r right logical 




8 


t 1 P I 








11 001 Oil® 


SRL(HL) 




Shift loc (HL) right logical 




15 









00 111 rrr 


0-»-j 7-0 f-*4^ 




I I P t 





11 001 oil 
00 111 110 


SRL(IX + d) 


m - r, (HL), (IX + d), (lY + d) 


Shift loc (IX +d) right logical 




23 


I t P I 








11 oil 101 
11 001 oil 
dd ddd ddd 
00 111 110 


SRL(IY + d) 




Shift loc (lY +d) right logical 




23 


I I P 1 








11 111 101 
11 001 Oil 
dd ddd ddd 
00 111 110 


SUBr 


A ^ A - r 


Subtract Reg r from AGO 




4 


J I V t 


1 


1 


10 010 rrr® 


SUBn 


A ^ A - n 


Subtract value n from AGO 




7 


I I V t 


1 


I 


11 010 110 

nn nnn nnn 


SUB (HL) 


A ^ A - (HL) 


Subtract loc (HL) from AGG 




7 


I t V t 


1 


I 


10 010 110 


SUB (IX + d) 


A- A- (IX +d) 


Subtract loc (IX + d) from AGG 




19 


I I V J 


1 


I 


11 oil 101 
10 010 110 
dd ddd ddd 


SUB(IY + d) 


A ^ A - (lY +d) 


Subtract loc (lY + d) from AGG 




19 


I : V ! 


1 


I 


11 111 101 
10 010 110 
dd ddd ddd 


XOR r 


A--AVr 


Exclusive 'OR' Reg r and AGG 




4 


IIP] 


1 


I 


10 101 rrr® 


XOR n 


A--AVn 


Exclusive 'OR' value n and AGG 




7 


: t p : 


1 


; 


11 101 110 


XOR (HL) 


A ^ AV(HL) 


Exclusive 'OR' loc (HL) and AGG 




7 


t J p t 


1 


I 


10 101 110 


XOR (IX + d) 


A- AVdX +d) 


Exclusive 'OR' loc (IX +d) and AGG 




19 


I t p t 


1 


I 


11 Oil 101 
10 101 110 
dd ddd ddd 


XOR (lY + d) 


A--AV(IY+d) 


Exclusive 'OR' loc (IY+d)andAGG 




19 


t t p I 


1 


t 


11 111 101 
10 101 110 
dd ddd ddd 



FLAG NOTES. 

P/V flag IS if B-1=0, else P/V=1 Re^s s 
(T) Z=1 if A=(HL), else Z=0 
(3) If B-1=0, Z flag set, else reset 
FLAG DEFINITIONS 
• = Flag not affected 

= Flag reset 

1 = Flag set 
X = Flag unknown 
t = Flag affected according to result of operation 

V = Overflow set 
P = Parity set 
IFF = Interrupt flip-flop set 



® 


® 


© 


® 




© 


© 


© 






© 




® 


Reg s s 


Reg r 


Reg pp 


Reg rr 


B. 


t b 


Reg r,r' 


Reg qq 


CC 


Cond 


tion 


Relevant Flag 


Regr 


BC 00 


A 111 


BC 00 


BC 00 





000 


A 111 


BC 00 


000 


NZ 


Non Zero 


Z 


B 000 


DE 01 


B 000 


DE 01 


DE 01 


1 


001 


B 000 


DE 01 


001 


Z 


Zero 


Z 


C 001 


HL 10 


C 001 


IX 10 


lY 10 


2 


010 


C 001 


HL 10 


010 


NG 


IMon Carry 


G 


D 010 


SP 11 


D 010 


SP 11 


SP 11 


3 


oil 


D 010 


AF 11 


Oil 


C 


Carry 


G 


E Oil 




E Oil 






4 


100 


E Oil 




100 


PO 


Parity Odd 


P/V 


H 100 




H 100 






5 


101 


H 100 




101 


PE 


Parity Even 


P/V 


L 101 




L 101 






6 


110 


L 101 




110 


P 


Sign Positive 


S 


F 110 










7 


111 






111 


M 


Sign Negative 


S 


A 111 



FLAG DESCRIPTION 

C = Carry/Link 
Z = Zero 
P/V = Parity/Overflow 



S = Sign 

N = Add/Subtract 

H = Half Carry 
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Timing Waveforms 

Input and output cycles 

In I/O operations, a single wait state (Tw) is automatically 
included to provide adequate time for an I/O port to decode 
the address from the port address lines and initiate a wait 
condition if needed. 



Input Cycle 



i>^ 



A0-A7 



lORQ- 



D0-D7- 



A. 



■*~*"*DL<|.(RD) 



', /' 






^^3C n 



^PD780/780-1/780-2 



Opcode fetch instruction cycle 

At the beginning of the cycle, the contents of the program 
counter are pla ced on the address bus. After approximately 
one-half cycle, MREQ is asserted and its falling edge can 
be used directly by the external memory as a chip enable 
signal. The data from the external memory can be gated 
onto the data bus when RD is asserted. The CPU reads 
the data at the rising edge of T3. During T3 and T4, exter- 
nal dynamic memory Is refreshed while t he instr uction is 
decoded and executed. The assertion of RFSH indicates 
that the external dynamic memory requires a refresh read. 



Ml Cycle 



Output Cycle 



Ao-A7_ 
iORQ- 

WR- 
D0-D7- 



y — \ 



u. 



tD(AD) t^CM 



Aq-Ais^ 

MRlQ- 

RD- 

D0-D7- 
RFSH- 



*D(AD) 

5t 



-Mi Cycle- 



i |*-t, 



tDH<t>(MR) 



*S<)>(D) 



y^^H 






Refresh Address X 



V(MRL) — »lr" 
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Timing Waveforms (Cont.) 

Memory read or write cycles 



In read and write operations, the MREQ and RD signals 
function the same as they d o in opcode fetch operations. 
In a write operation MREQ is asserted and can be used 
directly by external memory as a chip enable signal when 



information on the address bus is stable. The WR signal 
is used as a write strobe to almost any type of semicon- 
ductor memory, and is asserted when data on the data 
bus is stable. 



Ao-A, 




Interrupt request/acknowledge cycle 

The interrupt signal is sampled at the rising edge of the final address can be placed on the data bus by the interrupting 

clock pulse at th^ end of an instruction. Whe n an interrupt device. This cycle includes the automatic addition of two 

is accepted, an M^ cycle is begun. Instead of MREQ, lORQ wait states to facilitate the implementation of a daisy-chain 

is asserted during this cycle to indicate that an 8-bit vector priority interrupt protocol . 



Last M Cycle of Instruction - 






•.lH_ 



~)(Refresh Address 



J. 



Do-Dj 



t 



H. 



ts<l>(D)U 



ntoHcbOF 
' 



*DH(Mi) 
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standard Test Conditions 

The standard test conditions reference all voltages to 
ground (OV) and follow the convention that positive current 
flows into the referenced pin. The listing of AC parameters 
is based on a load capacitance of 50pF unless explicitly 
stated othenA/lse. For every 50pF increase in load capaci- 
tance there is a 10ns delay up to a maximum increase of 
200pF for the data bus and 100pF for the address bus and 
the bus control lines. 

The operating temperature range is: 0°C to + 70°C; 
+ 4.75V<Vcc^ + 5.25V. 



Load Circuit for Output 



Load Circuit for Output 



FROM OUTPUT o- 
UNDERTEST 



Absolute iWlaximum Ratings'^ 




T3 = 25°C 


Operating Temperature 


0°Cto+70°C 


Storage Temperature 


-65°Cto+150°C 


Voltage on any Pin 


-0.3Vto+7V® 


Power Dissipation 


1.5w 



«-■ 



50pF |lOK 



Note: ® With respect to ground 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

DC Characteristics 

T3 = 0°Cto +70"C; Vcc = +5V ±5% unless 
otherwise specified. 






Symbol 




Umits 




Unit 






Min 


Typ 


Max 


Test Conditions 


Clock Input Low Voltage 


V,uc 


-0.3 




0.45 


V 




Clock Input High Voltage 


V,HC 


Vcc 
-0.6 




Vcc 
+0.3 


V 




Input Low Voltage 


V,L 


-0.3 




0.8 


V 




Input High Voltage 


V,H 


2.0 




Vcc 


V 




Output Low Voltage 


Vol 






0.4 


V 


loL = 1.8mA 


Output High Voltage 


VOH 


2.4 






V 


lo„=-250f.A 


Power Supply I-PD780 


«cc 






150 


mA 


tc = 400ns 


Current p,PD780-1 


Ice 




90 


200 


mA 


tc = 250ns 


Input Leakage Current 


lu 






10 


^A 


V,N = OtoVcc 


Three-state Output Leakage 
Current in Float 


Iloh 






10 


,.A 


VouT = 2.4 
to Vcc 


Three-state Output Leakage 
Current in Float 


"lol 






-10 


jiA 


VouT = 0.4V 


Data Bus Leakage Current 
in Input Mode 


Ild 






±10 


PlA 


O^V,N 
^Vcc 


Capacitance 

T3 = ZS^'C 






LimHs 


'unit 


Te 




Parsnicter Symbol Min 


Typ 


Max 


>st Conditions 


Clock Capacitance C^ 






35 


PF 


*c = 


IMHz 


Input Capacitance C,n 






5 


PF 


Unmc 
returr 


.asured pins 


Output Capacitance Cqut 






10 


pF 


led to ground. 
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AC Characteristics 

T3 = 0°C to + 70°C; Vqq = + 5V ± 5%, unless otherwise specified. 



li.PD780'2 



Parameter 


Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Test Conditions 


Clock Period 


tc 


0.4 


® 


0.25 


® 


0.165 


® 


fxS 




Clock Pulse Width, Clock High 


tw(4)H) 


180 


® 


110 


® 


65 


® 


ns 




Clock Pulse Width, Clock Low 


tw(<t>M 


180 


2000 


110 


2000 


65 


2000 


ns 




Clock Rise and Fall Time 


tRf 




30 




30 




20 


ns 




Address Output Delay 


tD(AD) 




145 




110 




90 


ns 




Delay to Float 


tF(AD) 




110 




90 




80 


ns 




Address Stable Prior to MREQ (Memory Cycle) 


^ACM 


® 




® 




® 




ns 




Address Stable Prior to lORQ, RD or WR (I/O Cycle) 


tACI 


® 




® 




® 




ns 




Address Stable from RD or WR 


tcA 


® 




® 




® 




ns 


Cl = 50pF 


Address Stable from RD or WR during Float 


tcAF 


® 




® 




® 




ns 




Data Output Delay 


*D(D) 




230 




150 




130 


ns 




Delay to Float during Write Cycle 


*F(D) 




90 




90 




80 


ns 




Data Setup Time to Rising Edge of Clock during M^ Cycle 


•s<t,(D) 


50 




35 




30 




ns 




Data Setup Time to Failing Edge of Clock during M2 to Mg Cycles 


•s*(D) 


60 




50 






40 


ns 


Cu = 200pF 


Data Stable prior to WR (Memory Cycle) 


^DCM 


® 




® 




® 




ns 




Data Stable prior to WR (I/O Cycle) 


toci 


® 




® 




® 




ns 




Data Stable from WR 


tcDF 


® 




® 




® 




ns 




BUSRQ Setup Time to Rising Edge of Clock 


ts(BQ) 


80 




50 




50 




ns 




BUSAK Delay from Rising Edge of Clock to BUSAK Low 


tDL(BA) 




120 




100 




90 


ns 




BUSAK Delay from Falling Edge of Clock to BUSAK High 


tDH(BA) 




110 




100 




90 


ns 


Cl = SOpF 


Delay to Float (MREQ, lORQ, RD and WR) 


*F(C) 




100 




80 




70 


ns 




Ml Stable Prior to lORQ (Interrupt Ack.) 


tMR 


® 




® 




® 




ns 




Any Hold Time for Setup Time 


tH 

















ns 




HALT Delay Time from Falling Edge of Clock 


tD(HT) 




300 




300 




260 


ns 


Cl = 50pF 


INT Setup Time to Rising Edge of Clock 


*S(IT) 


80 




80 




70 




ns 




lORQ Delay from Rising Edge of Clock to lORQ Low 


tDL«(IR) 




90 




75 




65 


ns 




lORQ Delay from Falling Edge of Clock to lORQ Low 


toL^ilR) 




110 




85 




70 


ns 




lORQ Delay from Rising Edge of Clock to iORQ High 


*DH<t>(IR) 




100 




85 




70 


ns 




lORO Delay from Falling Edge of Clock to iORQ High 


tDH*(IR) 




110 




85 




70 


ns 


Cl = 50pF 


Mi Delay from Rising Edge of Clock to Mi Low 


toUMi) 




130 




100 




80 


ns 




Mi Delay from Rising Edge of Clock to M^ High 


tDH(Mi) 




130 




100 




80 


ns 




MREQ Delay from Falling Edge of Clock to MREQ Low 


tDL?(MR) 




100 




85 




70 


ns 




MREQ Delay from Rising Edge of Clock to MREQ High 


tDHct>(MR) 




100 




85 




70 


ns 




MREQ Delay from Falling Edge of Clock to MREQ High 


tDH^(MR) 




100 




85 




70 


ns 




Pulse Width, MREQ Low 


tw(MRL) 


® 




® 




® 




ns 




Pulse Width, MREQ High 


tw(MRH) 


® 




® 




® 




ns 




Pulse Width, NMI Low 


tw(NMI) 


80 




80 




70 




ns 




RESET Setup Time to Rising Edge of Clock 


ts(RS) 


90 




60 




60 




ns 




RD Delay from Rising Edge of Clock to RD Low 


tDLct.(RD) 




100 




85 




70 


ns 




RD Delay from Falling Edge of Clock to RD Low 


tDL*(RD) 




130 




95 




80 


ns 




RD Delay from Rising Edge of Clock to RD High 


tDH4>(RD) 




100 




85 




70 


ns 




RD Delay from Falling Edge of Clock to RD High 


tDH^(RD) 




110 




85 




70 


ns 




RFSH Delay from Rising Edge of Clock to RFSH Low 


tDL(RF) 




180 




130 




110 


ns 


Cl = 30pF 


RFSH Delay from Rising Edge of Clock to RFSH High 


tDH(RF) 




150 




120 




100 


ns 




WAIT Setup Time to Falling Edge of Clock 


ts(WD 


70 




70 




60 




ns 




WR Delay from Rising Edge of Clock to WR Low 


tDL<t>(WR) 




80 




65 




60 


ns 




WR Delay from Falling Edge of Clock to WR Low 


toaCWR) 




90 




80 




70 


ns 




WR Delay from Falling Edge of Clock to WR High 


tDH5(WR) 




100 




80 




70 


ns 




Pulse Width to WR Low 


tw(WRL) 


® 




® 




® 




ns 





® tc = tw(<f>H) + tw(<t>L) + Ir + tp 

® Though the structure of the 780 is static, 200|xs is a guaranteed maximum 

® tACM = tw(<l>H) + tp - 65 (75)* (50)** 

® tACI = tc - 70 (80)* (55)** 

® tcA = tw(<l>L) + tR - 50 (40)* (50)** 

® tcAF = tw(<})L) + tR -45 (60)* (40)** 

® tDCM = tc-170(210)*(140)** 

® tpci = tw(<t>l-) + tR - 170 (210)* (140)** 

® tcDF = tw(<l>L) + tR - 70 (80)* (55)** 

® tMR = 2tc + tw(<})H) + tp - 65 (80)* (50)** 

® tw(MRL) = tc - 30 (40)* (30)** 

® tw(MRH) = tw(<|)H) + tp - 20 (30)* (20)** 

® tw(WR) = tc - 30 (40)* (30)** 

* These values apply to the |xPD780 

** These values apply to the |xPD780-2 



Package Outlines 

For information, see Pacicage Outline Section 7. 

Plastic, |jlPD780C 
Ceramic, fxPD780D 



780/780-1/780-2DS-Rev 2-7-83-CAT-L 
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fiPD8085AH 
fiPD8085A-2 



>LtPD8085A SINGLE CHIP 8-BIT 
N-CHANNEL MICROPROCESSOR 



DESCRIPTION 



FEATURES 



The /iPD8085A is a single chip 8-bit microprocessor which is 100 percent software 
compatible with the industry standard 8080A. It has the ability of increasing system 
performance of the industry standard 8080A by operating at a higher speed Using 
the iuPD8085A in conjunction with its family of ICs allows the designer complete 
flexibility with minimum chip count. 

• Single Power Supply: +5 Volt, ±10% 

• Internal Clock Generation and 
System Control 

• Internal Serial In/Out Port. 

• Fully TTL Compatible 

• Internal 4-Level Interrupt Structure 

• Multiplexed Address/Data Bus for 
Increased System Performance 

• Complete Family of Components for 
Design Flexibility 

• Software Compatible with Industry Standard 8080A 

• Higher Throughput. juPD8085AH - 3 MHz 

iLiPD8085A-2-5MHz 




• Available in Either Plastic or Ceramic Package 



PIN CONFIGURATION 



X2C 
ROC 

sodC 

SIDE 

TRAPC 

RST 7 5 C 

RST6.5C 

RST 5 5 C 

INTR C 

INTAC 

ADoC 

ADiC 

AD2C 
ADsC 
AD4C 
ADsC 
ADeC 
AD7C 

vssC 



■v>^ 



8085A 



40 3 

3 
3 
3 
3 
3 
3 



39 

38 

37 

36 

35 

34 

33 

32 p 

31 

30 

29 

28 

27 

26 

25 D 

24 
23 
22 
21 



vcc 

HOLD 

HLDA 

CLK (OUT) 

RESET IN 

READY 

lO/M 

Sl_ 

RD 

WR 

ALE 

So 

Al5 
Al4 
Al3 
A12 
All 

Aid 

Ag 

As 



Rev/5 
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The iLtPD8085A contains six 8-bit data registers, an 8-bit accumulator, four testable FUNCTIONAL 

flag bits, and an 8-bit parallel binary arithmetic unit. The iLtPD8085A also provides DESCRIPTION 

decimal arithmetic capability and it includes 16-bit arithmetic and immediate operators 
which greatly simplify memory address calculations, and high speed arithmetic 
operations. 

The iuPD8085A has a stack architecture wherein any portion of the external memory 
can be used as a last in/first out (LIFO) stack to store/retrieve the contents of the 
accumulator, the flags, or any of the data registers. 

The //PD8085A also contains a 16-bit stack pointer to control the addressing of this 
external stack. One of the major advantages of the stack is that multiple level inter- 
rupts can easily be handled since complete system status can be saved when an inter- 
rupt occurs and then restored after the interrupt is complete. Another major advantage 
is that almost unlimited subroutine nesting is possible. 

The/iPD8085A was designed with speed and simplicity of the overall system in mind. 
The multiplexed address/data bus increases available pins for advanced functions in the 
processor and peripheral chips while providing increased system speed and less critical 
timing functions. All signals to and from the iuPD8085A are fully TTL compatible. 

The internal interrupt structure of the iLiPD8085A features 4 levels of prioritized 
interrupt With three levels internally maskable. 

Communication on both the address lines and the data lines can be interlocked by using 
the HOLD input. When the Hold Acknowledge (HLDA) signal is issued by the pro- 
cessor, its operation is suspended and the address, data and control lines are forced to be 
In the FLOATING state. This permits other devices, such as direct memory access 
channels (DMA), to be connected to the address and data busses. 

The juPD8085A features internal clock generation with status outputs available for 
advanced read/write timing and memory/10 instruction Indications. The clock may be 
crystal controlled, RC controlled, or driven by an external signal. 

On chip serial in/out port is available and controlled by the newly added RIM and SIM 
instructions. 



FLAG REGISTER 
- S SIGN 




1 




















- ACY AUXILIARY CARRY 


BUFFER 181 




BUFFER 181 
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\ 
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2181 (!■> 








OECOOER 






HIS) 
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B(8I 
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«.., 














r" 
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* 
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BLOCK DIAGRAM 
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PIN IDENTIFICATION 



PIN 


FUNCTION ] 


NO 


SYMBOL 


NAME 


1. 2 


X1.X2 


Crystal In 


Crystal, RC, or external clock input 


3 


RO 


Reset Out 


Acknowledge that the processor is being reset to be ' 
used as a system reset 


4 


SOD 


Serial Out Data 


1 bit data out by the SIM instruction 


5 


SID 


Serial In Data 


1 bit data into ACC bit 7 by the RIM instruction 


6 


Trap 


Trap Interrupt 
Input 


Highest priority nonmaskable restart interrupt 


7 
8 
9 


RST 7 5 
RST 6 5 
RST 5 5 


Restart 
Interrupts 


Priority restart interrupt inputs, of which 7 5 is the 
highest and 5 5 the lowest priority 


10 


INTR 


Interrupt 
Request In 


A general interrupt input which stops the PC <rom 
incrementing, generates INTA, and samples the data 
bus for a restart or call instruction 


11 


INTA 


Interrupt 
Acknowledge 


An output which indicates that the processor has 
responded to INTR 


12-19 


ADo- AD7 


Low 
Address/Data Bus 


Multiplexed low address and data bus 


20 


vss 


Ground 


Ground Reference 


21-28 


A8-A15 


High Address Bus 


Nonmultiplexed high 8-bits of the address bus 


29,33 


So. Si 


Status Outputs 


Outputs which indicate data bus status Halt, Write, 
Read, Fetch 


30 


ALE 


Address Latch 
Enable Out 


A signal which indicates that the lower 8-bits of 
address are valid on the AD lines 


31,32 


WR,RD 


Write/Read 
Strobes Out 


Signals out which are used as write and read strobes 
for memory and I/O devices 


34 


lO/M 


I/O or Memory 
Indicator 


A signal out which indicates whether RD or WR 
strobes are for I/O or memory devices 


35 


Ready 


Ready Input 


An input which is used to increase the data and 
address bus access times lean be used for slow 
memory) 


36 


Reset Fn 


Reset Input 


An input which is used to start the processor activity 
at address 0, resetting IE and HLDA flip flops 


37 


CLK 


Clock Out 

Hold Acknowledge 
Out and Hold 
Input Request 


System Clock Output 


38,39 


HLDA, HOLD 


Used to request and indicate that the processor should 
relinquish the bu,s for DMA activity When hold is 
acknowledged, RD, WR, lO/M, Address and Data 
busses are all 3 stated 


40 


vcc 


5V Supply 


Power Supply Input 



B 



ABSOLUTE MAXIMUM 
RATINGS* 



Operating Temperature . 
Storage Temperature 



Voltage on Any Pin 
Power Dissipation 



Cto+70 C 
-65°Cto+150°C 



-0.5 to +7 Volts 
. 1.5W 



DC CHARACTERISTICS 



Ta = 25 C; Vqc = ±5V ± 5%, 8085A-2 

^COMMENT: Stress above those listed under "Absolute Maximunn Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

Ta = 0°C to +70°C, Vcc = +5V ± 10%, Vss = C3ND, unless otherwise specified 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 1 
CONDITIONS 1 


MIN 


MAX 


Input Low Voltage 


V|L 


Vss - 5 


Vss* 08 


V 




Input High Voltage 


V|H 


20 


Vcc -^0 5 


V 




Output Low Voltage 


Vol 




45 


V 


Iql = 2 mA on all outputs 
IOH = -400ms ® 


Output High Voltage 


VOH 


24 




V 


Power Supply Current (Vcc' 


ICC<AV) 




170 


mA 


tCY mm (8085A-2) 


Maximum Unit Test 






135 


mA 


tCY mm (8085AH) 


Input Leakage 


•IL 




.10® 


mA 


<ViN<Vcc 


Output Leakage 


'LO 




.10® 


*iA 


45V< VouT< Vcc 


Input Low Level, Reset 


VlLR 


-0 5 


+0 8 


V 




Input High Level, Reset 


V|HR 


24 


Vcc -05 


V 




Hysteresis, Reset 


Vhy 


25 




V 




Xi,X2 Input Voltage High 


V|HX 


4.0 


Vcc + 05 


V 





Note Cl/ Minus (-) designates current flow out of the devic 
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Ta = 0°C to +70° C; Vqc = 5V ± 


5%, 8085A-2 








PARAMETER 


SYMBOL 


LIMITS 


UNITS 




;,PD8085A-2 


MIN 


MAX 


MIN 


MAX 


CLK Cycle Period 


tCYC 


320 


2000 


200 


2000 


ns 


CLK Time Low 


tl 


80 




40 




ns 


CLK Time High 


<2 


120 




70 




ns 


CLK Rise and Fall Time 


tr.tf 




30 




30 


ns 


Xi Rising to CLK Rising 


tXKR 


30 


120 


50 




ns 


Xi Rising to CLK Falling 


'XKF 


30 


150 


80 




ns 


As- 15 Valid to Leading Edge of CONTROL ® 


'AC 


270 




50 




ns 


A70 Valid to Leading Edge of CONTROL 


tACL 


240 




60 




ns 


Ao-15 Valid to Data in 


tAD 




575 







ns 


Address Float after Leading Edge of RD(INTA) 


•afr 









350 


ns 


A8-15 Valid before Trailing Edge of ALE (!) 


tAL 


115 






150 


ns 


Ao-r Valid before Trailing Edge of ALE 


'ALL 


90 









ns 


READY Valid from Address Valid 


'ARY 




220 


90 




ns 


A8.15 Valid after CONTROL 


'CA 


120 




60 




ns 


Width of Control Low (RD, WR, INTA) 


'CC 


400 




230 




ns 


Trailing Edge of CONTROL to Leading Edge 
of ALE 


'CL 


50 




25 




ns 


Data Valid to Trailing Edge of wR 


'DW 


420 






100 


ns 


HLDA to Bus Enable 


'HABE 




210 




150 


ns 


Bus Float After HLDA 


'HABF 




210 




150 


ns 


HLDA Valid to Trailing Edge of CLK 


'HACK 


110 




40 




ns 


HOLD Hold Time 


'HDH 











ns 


HOLD Setup Time to Trailing Edge of CLK 


'HDS 


170 








ns 


INTR Hold Time 


'INH 











ns 


INTR.RST.TRAP Setup Time to Failing Edge of CLK 


'INS 


160 




220 




ns 


Address Hold Time After ALE 


'LA 


100 




115 




ns 


Trailing Edge of ALE to Leading Edge of 
CONTROL 


'LC 


130 




120 




ns 


ALE Low Time during CLK High 


'LCK 


100 









ns 


ALE to Valid Data in dunng Read 


'LDR 




460 




270 


ns 


ALE to Valid Data during Write 


'LDW 




200 







ns 


ALE Pulse Width 


'LL 


140 




30 


100 


ns 


ALE to READY stable 


'LRY 




110 


30 


110 


ns 


Trailing Edge of RD to Re-enabling of Address 


'RAE 


150 






20 


ns 


RD (or INTA) to Valid Data 


'RD 




300 


50 




ns 


Trailing Edge of CONTROL to Leading Edge of 
next CONTROL 


'RV 


400 




50 






Data Hold Time after RD (INTA)(7) 


'RDM 









120 


ns 


READY Hold Time 


tRYH 









30 


ns 


READY Set up Time to Leading Edge of CLK 


'RYS 


110 




115 




ns 


Leading Edge Data Valid After Trailing Edge 
of WR 


'WD 


100 




40 




ns 


Leading Edge of WR to Data Valid 


'WDL 




40 






ns 



AC CHARACTERISTICS 



Notes: A8-A15 address specs apply to lO/M SO and S1 except A8-A15 are undefined dunng T4-T6 
of OF cycle whereas lO/M, SO and Si are stable 

(2) Test Conditions tcYC = 320 ns (8085AH)/200 ns (8085A-2) 

Cl = 150 pF 
(D For all output timing where except Cl = 150 pF use the following correction factors 
25 pF Cl 150 pF -OlOns/pF 

150 pF Cl 300 pF +0 3 ns/pF 
($) Output Timings are measured with purely capacitive load 
^ All timings are measured as the following, 

Output Voltage Vl = 8V, V^ = 2 OV 

Input Voltage 1 5V, tp tf = 20 ns 
® To calculate timing specifications at other values of tcyc "^e Table 1 
(Z) Data hold time is guaranteed under all loading conditions 



Tcyc as a dependent 



BUS TIMING SPECIFICATIONS 







)^PD808A-2 




tAL 


(1/2)T - 45 


(1/2)T - 50 


mm 


tLA 


(1/2)T - 60 


(1/2)t - 50 


mm 


tLL 


(1/2)T - 20 


(1/2)T - 20 


min 


tLCK 


(1/2)T - 60 


(1/2)T - 50 


mm 


Tlc 


(1/2)T - 30 


(1/2)T - 40 


mm 


tAD 


(5/2 + NIT - 225 


(5/2 + N)T - 150 


max 


tRD 


(3/2 + N)T - 180 


(3/2+ N)T - 150 


max 


tRAE 


(1/2)T - 10 


(1/2)T - 10 


mm 


tCA 


(1/2)T - 40 


(1/2)T - 40 


mm 


tow 


(3/2 + N)T - 60 


(3/2 + NIT - 70 


mm 


tWD 


(1/2)T - 60 


(1/2)T - 40 


mm 


tec 


(3/2 + N)T - 80 


(3/2 + N)T - 70 


mm 


tCL 


(1/2)T- 110 


(1/2)T - 75 


mm 


tARY 


(3/2)T - 260 


(3/2 )T - 200 


max 


tHACK 


(1/2)T - 50 


(1/2)T - 60 


mm 


tHABF 


(1/2)T + 50 


(1/2)T - 50 


max 


tHABE 


(1/2)T + 50 


(1/2)T - 50 


max 


tAC 


(2/2)T - 50 


(2/2)T - 85 


mm 


tl 


(1/2)T - 80 


(1 /2)T - 60 


mm 


t2 


(1/2)T - 40 


(1/2)T - 30 


mm 


tRV 


(3/2)T - 80 


(3/2 )T - 80 


mm 


tLDR 


(4/2 + N)T - 180 


(4/2 + N)T - 130 


max 
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TIMING WAVEFORMS 
Clock Timing Waveform 

X^ Input 



CLK Output 






8085AH Bus Timing 

Read Operation 







ADq-AD,") ^ 



'rdh— ^ !-• — ' 

■^^ — mmm^^i; — cz 
_'^ — 



ZTZk 



ik 



Write Operation 



T2 1 T3 I T, 



clk\. 


/ 


JUCK^V 


r 


\ 


y 


\ 


/ 


VA15 D 


: Address 


( 






-tLDW- 




--tcA-* 




VAD,3) 


: Address ^ 




Data Out 






< 


1 


-tLL-l 


^tLA-- 




7f 




r 


*-twDL 








ALE J^ 


J 








, . .1 










'CC 


1 




Wr 




^ 


JCL^ 






















AC *" 





Hold Timing 



CLK 
HOLD 



MPD8085A 



HLDA 



\ / ^. If ^i r 



Address Controls 



::^»- 



Interrupt and Hold Timing 

I T, I T2 I T3 I T4 I T5 I T, 1 Thold I T, I T2 




Read Operation with Wait Cycle 

Same Ready Timing Applies To Write Operation 



1 


/ 


1 




1 


TwA 


i 


T3 


1 


T, 


CLK^ 


\ 


\ 


^ \ 


\ 








^..CK^ 






k-tcA-^ 




A.-A„Di 




Address 








< 










J 


"^tRAE-^ 










; / 


»AL. 




^ -HUM ' 


■>- 




ADo-AD, 3i 




Address ^ 


MMMMW 


M»mj 


; Data In 


/ 




j' ^ 


h 


-w^ 


tAFR— .► 


_ 








Ilfli 






-W-H 




ALE A 






koR 


















RD/INTA 


* 




*■ 






^ 


•/ 


^tLC_^ 


^L. 


tec 


7 






f=-t,,,- 


-^ 














t.„„ 




tRVHl 


tRYS 


tpYH 




* "'" " 












„,^ 


5 ® 


^ 









Note: ©READY must remain stable during tpYs ^rid Iryh 
(DIO/M IS also floating dunng this time 
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PROCESSOR STATE 
TRANSITION DIAGRAM 



Notes: (T) Bl indicates that the bus is idle during this machine cycle. 

(2) CK indicates the number of clock cycles in this machine cycle. 
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CLOCK INPUTS ^ As stated, the timing for the juPDSOSBA may be generated in one of three ways; 
crystal, RC, or external clock. Recommendations for these methods are shown 
below. 

RC 



n Vw^ ' 

JL. 10K 



20 pF 



^3 MHz Input Frequency 
RC Resonance 



Clock 
In 



Xl 



CRYSTAL 



X2 



JrHBhl 



1-6 MHz Input Frequency 
Parallel Resonant Crystal 

For 1-6 MHz Input Frequency, 
CI = C2= 10 pF max. 



For 6-10 MHz Input Frequency, 
EXTERNAL CI = C2 = 5 pF max. 




Xi 



{> 



X2 



4— ^W— +5V 

470 



+5V 



470 , 



Xl 



Clock 
In 



H>L-M> 



+5V 



1-6 MHz 25-50% DC 
X2 not used 



1-6 MHz > 50% DC 



Note vl/ Input frequency must be twice the internal operating frequency 

STATUS OUTPUTS The Status Outputs are valid during ALE time and have the following meaning: 

81 SO 



Halt 








Write 





1 


Read 


1 





Fetch 


1 


1 



These pins may be decoded to portray the processor's data bus status. 
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The /iPD8085A has five interrupt pins available to the user. INTR is operationally the 
same as the 8080 interrupt request, three (3) internally maskable restart interrupts: 
RESTART 5.5, 6.5 and 7.5, and TRAP, a non-maskable restart. 



INTERRUPTS 







RESTART 


PRIORITY 


INTERRUPT 


ADDRESS 


Highest 


TRAP 


2416 


1 


RST 7.5 


3C16 


1 


RST 6.5 


3416 


1 


RST 5.5 


2Ci6 


Lowest 


INTR 





INTR, RST 5.5 and RST 6.5 are ail level sensing inputs while RST 7.5 is set on a rising 
edge. TRAP, the highest priority interrupt, is non-maskable and is set on the rising edge 
or positive level. It must make a low to high transition and remain high to be seen, but 
it will not be generated again until it makes another low to high transition. 

Serial Input and output is accomplished with two new Instructions not included in the 
8080: RIM and SIM. These instructions serve several purposes: serial I/O, and reading 
or setting the interrupt mask. 



SERIAL I/O 



The RIM (Read Interrupt Mask) instruction is used for reading the interrupt mask and 
for reading serial data. After execution of the RIM instruction the ACC content is as 
follows: 



SID 


I 
7.5 


I 
6.5 


5.5 


IE 


M 
7.5 


M 
6.5 


M 
5.5 




1 1 


TF 


RRI 


1 1 


SERIAl 

DATA 

IN 


P 
IN 


I 
ENDIN 
TERRU 


G 
PTS 

IN 


IN1 
IPT 


I 
FERRU 
^/IASKS 


PT 



Note: After the TRAP interrupt, the RIM instruction must be executed to preserve the 
status of IE. 

The SIM (Set Interrupt Mask) instruction is used to program the interrupt mask and to 
output serial data. Presetting the ACC for the SIM instruction has the following 
meaning: 



SOD 


SOE 


X 


R 
7.5 


MSE 


M 
7.5 


M 
6.5 


M 
5.5 








1 , 1 


SERIAL 


RESET 




RST 


OUT 


RST 7.5 




MASKS 


DATA 






I 


ENABLI 






( 


1=SE1 


') 



SERIAL 


MASK 


OUT 


SET 


DATA 


ENABLE 


ENABLE 


(1= ENABLE) 


(1 = ENABLE) 
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INSTRUCTION SET 



DATA AND INSTRUCTION 
FORMATS 



The instruction set includes arithmetic and logical operators with direct, register, 
indirect, and immediate addressing modes. 

Move, load, and store instruction groups provide the ability to move either 8 or 16 bits 
of data between memory, the six working registers and the accumulator using direct, 
register, indirect, and immediate addressing modes. 

The ability to branch to different portions of the program Is provided with direct, con- 
ditional, or computed jumps. Also, the ability to call and return from subroutines is 
provided both conditionally and unconditionally. The RESTART (or single byte call 
instruction) Is useful for interrupt vector operation. 

Conditional jumps, calls and returns execute based on the state of the four testable 
flags (Sign, Zero, Parity and Carry). The state of each flag is determined by the result 
of the last instruction executed that affected flags. (See Instruction Set Table.) 

The Sign flag is set (High) if bit 7 of the result is a "1"; otherwise it is reset (Low). The 
Zero flag is set if the result is "0"; otherwise it is reset. The Parity flag is set if the 
modulo 2 sum of the bits of the result is "0" (Even Parity); otherwise (Odd Parity) it 
is reset. The Carry flag is set if the last instruction resulted in a carry or a borrow out 
of the most significant bit (bit 7) of the result; otherwise it is reset. 

In addition to the four testable flags, the juPDSOSBA has another flag (ACY) that is 
not directly testable. It is used for multiple precision arithmetic operations with the 
DAA instruction. The Auxiliary Carry flag is set if the last instruction resulted in a 
carry or a borrow from bit 3 into bit 4; otherwise it is reset. 

Double precision operators such as stack manipulation and double add instructions 
extend both the arithmetic and interrupt handling capability of the )liPD8085A. The 
ability to increment and decrement memory, the six general registers and the accumu- 
lator are provided as well as extended increment and decrement instructions to 
operate on the register pairs and stack pointer. Further capability is provided by the 
ability to rotate the accumulator left or right through or around the carry bit. 

Input and output may be accomplished using memory addresses as I/O ports or the 
directly addressed 1/0 provided for in the juPD8085A instruction set. 

Two instructions, RIM and SIM, are used for reading and setting the internal interrupt 
mask as well as input and output to the serial I/O port. 

The special instruction group completes the juPD8085A instruction set: NOP, HALT 
stop processor execution; DAA provides decimal arithmetic capability; STC sets the 
carry flag; CMC complements it; CMA complements the contents of the accumulator; 
and XCHG exchanges the contents of two 16-bit register pairs directly. 

Data in the jliPD8085A is stored as 8-bit binary integers. All data/instruction transfers 
to the system data bus are in the following format: 




|D7|D6|D5|D4|D3|D2|Dl|P0| 
MSB DATA WORD LSB 

Instructions are one, two, or three bytes long. Multiple byte instructions must be 
stored in successive locations of program memory. The address of the first byte is used 
as the address of the instruction. 



One Byte Instructions 
[D7|D6|D5|D4|D3|D2|Di|Do| 



Two Byte Instructions 


07 


D6|D5 D4 D3 |D2 Di Dq 


0? 


D6|D5 D4 D3|D2 Di Dq 



Three Byte Instructions 



£l 


D6 


D5 D4 


D3 D2 Di Doj 


Dy 


D6 


D5 D4 


D3 D2 Di Do 1 


D7 D6 


D5 D4 


D3 D2 Di Doj 



OP CODE 
OPERAND 



TYPICAL INSTRUCTIONS 
Register to register, memory 
reference, arithmetic or logical 
rotate, return, push, pop, enable, 
or disable interrupt instructions 

Immediate mode or I/O instruc- 
tions 



Uf uuut j^Q^g instructions 
LOW ADDRESS OR OPERAND 1 
HIGH ADDRESS OR OPERAND 2 
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INSTRUCTION SET 
TABLE 



MNEMONIC^ 


DESCRIPTION 


07 


INSTRUCTION CODE^ 
06 05 D4 03 D2 D, 


Oq 


flags" 
, o ^ ^ 

Clock § 5 5 5 


MNEMONIC' DESCRIPTION 


INSTRUCTION CODE^ 
D7 De D5 D4 D3 O2 Di 


Do 


Clock 
Cvcl«3 


flags" 

i 1 i i 

M N a u 


MOVE 


LOAD REGISTER PAIR ] 


MOVds 
MOV Ms 
MOV d.M 
MVI d.D8 
MVI M.D8 


Move register to register 
Move register to memory 
Move memory to register 
Move immediate to regrster 







i 


1110s 

d d d 1 
110 1 









7 

7 
10 




pair 80 
LXI D,D16 Load immediate registei 

pair DE 
LXI H, Die Load immediate reqistei 

pail HL 
LXISP.Die Load immediate Slack 

Pointei 



10 
10 
1 10 








' 


10 
10 
10 
10 




INCREMENT/DECREMENT 


INRd 
DCRd 
INRM 
DCRM 


Decrement register 
Decrement memory 








d d d 1 
d d d 1 
110 1 
110 1 











1 


10 • 
10 • 




PUSH 


PUSH B Push registei paii BC 
PUSH D Push registei pan DE 
PUSH H Push register parr HL 
PUSH PSW Push A and flags on stac 


1 10 1 

110 10 1 

1110 1 
11110 1 










^ 


12 
12 

12 

12 






ALU - 


REGISTER TO ACCUMULATOR 








ADDS 
ADCs 

sues 

SBBs 

ANAs 
XRAs 

ORAs 
CMPs 


Add regrster to A 
Add register to A with 

Subtract register Irom A 
Subtract register Irom A 

with borrow 
AND register with A 
Exclusive OR Registei 

with A 
OR register with A 
Compare register with A 


' 


5 

1s 
10s 

11s 
10 0s 

10 1s 
110s 
111s 




' 


4 • 
4 • 

4 • 


. • 

> • 

> • • 


POP 1 


POP B Pop registei pan BC off 
POP D Pop leqister pair DE oil 
POPH Popreqisiei pair HI oil 
POP PSW Pop A and llaqs oil stack 


1 10 

1 10 10 

1110 
11110 










1 


10 
10 
10 






ALU 


MEMORY TO ACCUMLJLATOR 








ADDM 
ADCM 

SUBM 
SBBM 

ORAM 

CMPM 


Add memory to A 
Add memory to A wnh 

Subtract memory from A 
Subtract memory from A 

with borrow 
AND memory with A 
Exclusive OR memoiy 

with A 
OR Memory with A 
Compare memory with A 


, 


1 

11 
10 1 

111 
10 1 

10 11 
110 1 
1111 

















7 • 
7 • 


• • 

• 

• 

• 


DOUBLE ADD | 


DADB AddBCloHL 
DADU AddDEloHL 
DAD H Add HI to HL 
DADSP Add Stalk Pointei loHL 


10 
1 10 
10 10 
1110 








1 


10 
10 
10 
10 


• 


INCREMENT REGISTER PAIR | 


INX 8 ImiementBC 
INXD InriementDE 
INX H Inclement HL 
INX SP Inclement Slack Pointei 



10 
10 
1 10 


i 


i 


6 
6 
6 
6 






ALU 


IMMEDIATE TO ACCUMULATOR 








ADI D8 
ACI D8 

SUI D8 
SSI 08 

ANI 08 
XRI 08 

0RI08 
CP1D8 


Add immediate to A 
Add immediate to A with 

with A 
OR immediate with A 


' 


10 1 

10 11 
10 10 1 

10 111 
110 1 

110 11 
1110 1 


1 















7 • 

7 • « 
7 • 1 
7 • < 


• 

• 

• 


DECREMENT REGISTER PAIR 1 


DCX B Deciement BC 
OCX D Deciement DE 
DCX H Decremeni HL 
DCX SP Decrement Slack Pmnie. 


10 
1 10 
10 10 
1110 


i 


i 


6 
6 
6 
6 




REGISTER INDIRECT | 


STAXB Store A at ADDR in BC 
STAX Store A at ADDR in DE 
LDAX B Load A at ADDR in BC 
LDAX D Load A al ADDR in DE 



10 
10 
1 10 


1 
1 








7 
7 
7 








A 


LU ROTATE 










DIRECT I 


RLC 
RRC 
RAL 


Rotate A left MSB to 

carry 18-bit) 
Rotate A right LSB lo 

carry 18-bll) 

Rotate A left through 

carry (9-bit) 
Rotate A right through 

carry O-bill 








1 
11 
10 1 
111 


^ 


: 


: 


• 


STA ADDR Store A diiecl 
LDA ADDR Load A diieci 
SHLD ADDR Store HL direct 
LHLD ADDR Load HL direct 


1 10 
1110 
10 
10 10 


' 








13 
13 
16 
16 




MOVE REGISTER PAIR 


XCHG Exchange DE and HL 
register pairs 

XTHL Exchange top ol stack 
andHL 

SPHL HL to Stack Pointer 

PCHL HL to Program Counter 


1110 10 

1110 
111110 
1110 10 





; 


16 
6 




JUMP 1 


JMP ADDR 
JN2 ADDR 
JZ ADDR 
JNC ADDR 
JC ADDR 
JPO ADDR 
JPE ADDR 
JP ADDR 
JM ADDR 


Jump on no carry 
Jump on carry 
Jump on parity odd 
Jump on parity even 
Jump on positive 
Jump on minus 




10 , 
10 
10 10 
10 10 
10 110 
110 
110 10 
1110 
11110 














10 
7/10 
7/10 
7/10 
7/10 
7/10 
7/10 
7/10 
7/10 




INPUT/OUTPUT 1 


IN A Input 

OUT A Output 

El Enable inteirupts 

01 Disable interrupts 

RIM Read Interrupt Mask 

SIM Set Interrupt Mask 

RST A Restart 


110 110 
1 10 10 
111110 
11110 
10 

110 

1 1 A A A 1 





1 










CALL j 


CALL ADDR 
CNZ ADDR 
C2 ADDR 
CNC ADDR 
CC ADDR 
CPO ADDR 
CPE ADDR 
CP ADDR 
CM ADDR 


Call unconditional 
Call on not zero 
Call on zero 
Call on no carry 
Call on carry 
Call on parity odd 
Call on parity even 
Call on positive 
Call on minus 




10 11 
10 1 
10 11 
10 10 1 
10 111 
110 1 
110 11 

11111 













1 











18 
9/18 
9/18 
9/18 
9/18 
9/18 
9/18 
9/18 
9/18 




MISCELLANEOUS j 


STC Set carry 

DAA Decimal adjust A 
NOP No operation 
HLT Halt 


10 1 1 
110 1 
1111 
10 1 

1110 1 


1 
1 
1 



1 


1 
1 






Cy 
• • • • 


RETURN j- 


Notes 

'Operand Symbols used 2ddd or sss - 000 8 

s - source register 

d - destination register JTwo possible cycle ti 
PSW = Processor Status Word instruction cycles dec 
SP - Stack Pointer Hags 
D8 8 bit data quantity expression, or 

constant, always 82 of instruction *• llagaflected 
D16 = 16 bit data quantity, expression or flag not affected 
constant, always B3B2 of instruction = Hag reset 
ADDR = 16 bit Memory address expression 1 flag set 


001 C-010D-01 

Ties (7/10) indicate 
endent on condition 


E - 100H - 


RET 

RNZ 

RZ 

RNC 

RC 

RPO 

RPE 

RP 

RM 


Return on zero 
Return on no carry 
Return on carry 
Return on parity odd 
Return on parity even 
Return on positive 
Return on minus 




10 10 
10 
10 10 
10 10 
10 110 
110 
110 10 
1110 
11110 























10 
6/12 
6/12 
6/12 
6/12 
6/12 
6/12 
6/12 
6/12 
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MPD8085A 



INSTRUCTION CYCLE 
TIMES 



One to five machine cycles (Mi — M5) are required to execute an instruction. Each 
machine cycle involves the transfer of an instruction or data byte into the processor or 
a transfer of a data byte out of the processor (the sole exception being the double add 
instruction). The first one, two or three machine cycles obtain the instruction from the 
memory or an interrupting I/O controller. The remaining cycles are used to execute the 
instruction. Each machine cycle requires from three to five clock times (Ti - T5). 

Machine cycles and clock states used for each type of instruction are shown below. 



INSTRUCTION 


MACHINE CYCLES EXECUTED 


CLOCK STATUS 


TYPE 


MIN/MAX 


MIN/MAX 


ALUR 




4 


CMC 




4 


CMA 




4 


DAA 




4 


DCRR 




4 


Dl 




4 


El 




4 


INR R 




4 


MOV R, R 




4 


NOP 




4 


ROTATE 




4 


RIM 




4 


SIM 




4 


STC 




4 


XCHG 




4 


HLT 




5 


OCX 




6 


INX 




6 


PCHL 




6 


RETCOND. 


1/3 


6/12 


SPHL 




6 


ALU 1 


2 


7 


ALUM 


2 


7 


JNC 


2/3 


7/10 


LDAX 


2 


7 


MVI 


2 


7 


MOV M, R 


2 


7 


MOV R, M 


2 


7 


STAX 


2 


7 


CALL COND. 


2/5 


9/18 


DAD 


3 


10 


DCR M 


3 


10 


IN 


3 


10 


INRM 


3 


10 


JMP 


3 


10 


LOAD PAIR 


3 


10 


MVIM 


3 


10 


OUT 


3 


10 


POP 


3 


10 


RET 


3 


10 


PUSH 


3 


12 


RST 


3 


12 


LDA 


4 


13 


STA 


4 


13 


LHLD 


5 


16 


SHLD 


5 


16 


XTHL 


5 


16 


CALL 


5 


18 
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A minimum computer system consisting of a processor, ROM, RAM, and juPD8085A FAMILY MINIMUM 
I/O can be built with only 3-40 pin packs. This system is shown below with SYSTEM CONFIGURATION 
its address, data, control busses and I/O ports. 



vcc 



ADo- 
ADi _ 
AD2 - 
AD3 _ 
AD4 - 
AD5 - 
ADe- 
AD7 - 

As - 
A9 - 
A10 - 
All - 
A12 - 
Al3 - 
Al4 ~ 
Al5 ■ 

ALE- 
RD - 
WR - 

lO/F^ - 

RDY - 

CLK - 

RESET - 

HOLD - 
HLDA- 
INTR - 
INTA - 



INTERRUPTS 
\ 




I 



ilil 



PORTA 
I 



PORTC 
I 



PORTB 

I 



RST 7 5 RST 6 5 RST 5.5 TRAP RESET IN 

MPD8085A PROCESSOR 
ADq- 



SID SOD SI SO 



"^ in itr ^ i; ^ v> ;; " H H 

-AD7A8- Ai5 ^|g Is 2 g d S i ^ ?l? 



- PA7 PCo - 



-PC5 PBo - 



-PB7 



ADq - 



MPD8156 RAM-l/0 (256 X 8) 

uj -I IQ (^ n UJ 
-AD7 o <lc|ggc 



FEATURES OF /uPD8085A 


MINIMUM SYSTEM 


2K - BYTE ROM 


256 - BYTE RAM 


1 - INTERVAL TIMER 


4 - 8-BIT I/O PORTS 


1 - 6-BIT l/O-STATUS 


4- INTERRUPT LEVELS 



TIMER 
" OUT 



ALE ADq- 



MP08355 ROM-I/O 
UP08755A PROM-I/O 2K X 8 



-AD7 



PAo- 



-- PA7 



PBo PB7 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, |xPD8085AC/AHC 
Ceramic, |xPD8085AD 
Cerdip, |xPD8085AD AHD 
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SEC 



fiPD8086 
|iPD8086-2' 



16-BIT MICROPROCESSOR 

DESCRIPTION The iuPD8086 is a 16-bit microprocessor that has both 8-bit and 16-bit attributes. It 
has a 16-bit wide physical path to memory for high performance. Its architecture 
allows higher throughput than the 5 MHz juPD8085A-2. 



FEATURES • Can Directly Address 1 Megabyte of Memory 

• Fourteen 16-Bit Registers with Symmetrical Operations 

• Bit, Byte, Word, and Block Operations 

• 8-. and 16-Bit Signed and Unsigned Arithmetic Operations in Binary or Decimal 

• Multiply and Divide Instructions 

• 24 Operand Addressing Modes 

• Assembly Language Compatible with the AtPD8080/8085 

• Complete Family of Components for Design Flexibility 



PIN CONFIGURATION 



GND 


c 


1 


^^'^ 


40 


D vcc 




AD14 


c 


2 




39 


3 AD15 




AD13 


c 


3 




38 


3 A 16/33 




AD12 


c 


4 




37 


J A17/S4 




AD11 


c 


5 




36 


3 A18/S5 




AD10 


c 


6 




35 


3 A19/S6 




AD9 


c 


7 




34 


3 BHE/S7 




ADS 


c 


8 




33 


3 MN/MX 




AD7 


c 


9 




32 


Drd 




AD6 


c 


10 


MPD8086 


31 


3 hold 


(RQ/GTO) 


ADS 


c 


11 


CPU 


30 


3 hlda 


(RQ/GT1) 


AD4 


c 


12 




29 


D WR- 


(LOCK) 


AD3 


t 


13 




28 


3 M/io 


(S2) 


AD2 


c 


14 




27 


3 DT/R" 


(ST) 


AD1 


c 


15 




26 


3 DEN 


(so] 


ADO 


d 


16 




25 


3 ALE 


(QSO) 


nK/ii 


c 


17 




24 


3 INTA 


(GSD 


INTR 


c 


18 




23 


DtEST 




CLK 


c 


19 




22 


3 READY 




GND 


c 


20 




21 


3 RESET 





E 



* Preliminary 



Rev/1 
5-27 



fiPD8086 



NO. 


SYMBOL 


NAME 


FUNCTION 


2-16,39 


ADO-AD 15 


Address/Data Bus 


Multiplexed address (Ti ) and data (T2. T3. Tyv, T4) bus. 
8-bit peripherals tied to the lower 8 bits, use AO to condition 
chip select functions. These lines are tri-state during interrupt 
acknowledge and hold states. 


17 


NMI 


Non-Maskable 
Interrupt 


This IS an edge triggered input causing a type 2 interrupt. A 
information. 


18 


INTR 


Interrupt Request 


A level triggered input sampled on the last clock cycle of 
each instruction. Vectoring is via an interrupt look-up table. 
INTR can mask in software by resetting the interrupt enable 
bit. 


19 


CLK 


Clock 


The clock input is a 1/3 duty cycle input basic timing for the 
processor and bus controller. 


21 


RESET 


Reset 


This active high signal must be high for 4 clock cycles. When 
It returns low, the processor restarts execution. 


22 


READY 


Ready 


An acknowledgement from memory or I/O that data will be 
transferred. Synchronization is done by the mPD8284 clock 
generator. 


23 


TEST 


Test 


This input is examined by the "WAIT" instruction, and if 
low, execution continues. Otherwise the processor waits in an 
"Idle" state. Synchronized by the processor on the leading 
edge of CLK. 


24 


INTA 


Interrupt 
Acknowledge 


This is a read strobe for reading vectoring information. 
During T2, T3, and Tw of each interrupt acknowledge 
cycle it is low. 


25 


ALE 


Address Latch Enable 


This is used in conjunction with the mPD8282/8283 latches 
to latch the address, during Ti of any bus cycle. 


26 


DEN 


Data Enable 


This is the output enable for the mPD8282/8287 transceivers. 
It is active low during each memory and I/O access and 
INTA cycles. 


27 


DT/R 


Data Transmit/Receive 


Used to control the direction of data flow through the 


28 


M/Io 


Memory/I Status 


This is used to separate memory access from I/O access. 


29 


WR 


Write 


Depending on the state of the M/JO\\t)e, the processor is 
either writing to I/O or memory. 


30 


HLDA 




A response to the HOLD input, causing the processor to 
tri-state the local bus. The bus return active one cycle after 
HOLD goes back low. 


31 


HOLD 


Hold 


When another device requests the local bus, driving HOLD 
high, will cause the mPD8086 to issue a H LDA. 


32 


RD 


Read 


Depending on the state of the M/io"line, the processor is 
reading from either memory or I/O. 


33 


MN/MX 


Minimum/Maximum 


This input is to tell the processor vvhich nnode it is to be used 
in. This effects some of the pin descriptions. 


34 


BHE/S7 


Bus/High Enable 


This is used in conjunction with the most significant half of 
the data bus. Peripheral devices on this half qf the bus use 
BHE to condition chip select functions. 


35-38 


A16-A19 


Most Significant 
Address Bits 


The four most significant address jjits for memory opera- 
tions. Low during I/O operations. 


26. 27, 28 
34-38 


S0-S7 


Status Outputs 


These are the status outputs from the processor. They are 
used by the mPD8288 to genera|e bus control signals. 


24,25 


QSi,aso 


Que Status 


U^ to track the internal mPD8086 instruction que. 


29 


LOCK 


Lock 


other system bus masters from gaining control. 


30,31 


fTS/Stq 

RQ/GTi 


Request/Grant 


Other local bus masters can force the processor to rebase 
the local bus at the end of the current bus cycle. 



PIN IDENTIFICATION 
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BLOCK DIAGRAM 



EXECUTION UNIT BUS INTERFACE UNIT 

I I RELOCATION I 
REGISTER FILE ' REGISTER FILE ' 



DATA, 

POINTER, AND 

INDEX REGS 

(SWORDS) 






16-BIT ALU 



TEST- 
INT- 
NMI- 



RO/GTo,l /VN 



HOLD- 
HLDA- 



SEGMENT 

REGISTERS 

AND 

INSTRUCTION 

POINTER 

(5 WORDS) 



■^ 






BUS 

INTERFACE 

UNIT 



BHE/S7 
K A19/S6 

~^ A16/S3 
T6~)ADi5-ADo 



31: 






INTA,RD,WR 



DT/R, DEN, ALE 



6-BYTE 

INSTRUCTION 

QUEUE 



-1. 



£ 



E 



CONTROL & TIMING 



-LOCK 



MM? 

CLK RESET READY MN/MX ^^^ 
^ r.c. 



ZII)QSo,as 



So 
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f<PD8086 



Operating Temperature C to 70 C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin witii Respect to Ground - 1 .0 to +7V 

Power Dissipation 2.5W 



ABSOLUTE MAXIMUM 
RATINGS* 



= 25°C 



•COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extendeij periods may affect device 
reliability. 



Ta = 0°Cto70°C;VcC = 5V 


± 10% 










PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


Input Low Voltage 


V|L 


-0.5 


+0.8 


V 




Input High Voltage 


V|H 


2.0 


Vcc + 0.5 


V 




Output Low Voltage 


Vol 




0.45 


V 


l0L = 2.5 mA 


Output High Voltage 


VOH 


2.4 




V 


lOH =-400/iA 


Power Supply Current 

iuPD8086/ 

MPD8086-2 


Ice 




340 
350 


mA 
mA 


Ta = 25°C 


Input Leakage Current 


ILI 




±10 


tiA 


OV<V|N<Vcc 


Output Leakage Current 


ILO 




±10 


/iA 


0.45V < VOUT < Vcc 


Clock Input Low Voltage 


VCL 


-0.5 


+0.6 


V 




Clock Input High Voltage 


VCH. 


3.9 


Vcc + 1 .0 


V 




Capacitance of Input Buffer 
(All input except 
ADo-ADiB. RQ/GT) 


CjN 




15 


PF 


fc = 1 MHz 


Capacitance of I/O Buffer 
(ADo-ADiB, RQ/GT) 


C|0 




15 


pF 


fc=1 MHz 



DC CHARACTERISTICS 
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AC CHARACTERISTICS 

MINIMUM COMPLEXITY 
SYSTEM 



iuPD8086: Tg = 0°C to 70° C; Vqc = 5V + 10% 

TIMING REQUIREMENTS 



PARAMETER 


SYMBOL 


MPD8086 


MPD8086-2 (Prehminarv) 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


CLK Cycle Period -MPD8086 


TCLCL 


200 


500 


125 


500 


ns 




CLK Low Time 


TCLCH 


(2/3 TCLCL) -15 




(2/3 TCLCL) -15 




ns 


CLK High Time 


TCHCL 


(1/3 TCLCL) +2 




(1/3 TCLCL) +2 






CLK Rise Time 


TCH1CH2 




10 




10 


ns 


From 1.0V to 3.5V 


CLK Fall Time 


TCL2CL1 




10 




10 


ns 


From 3.5V to 1 OV 


Data In Setup Time 


TDVCL 


30 




20 




ns 




Data In Hold Time 


TCLDX 


10 




10 




ns 


ROY Setup Time into nPD8284 


TR1VCL 


35 




35 




ns 


RDY Hold Time into mPD8284 

,®(D 


TCLR1X 












ns 


READY Setup Time into mPD8086 


TRYHCH 


(2/3 TCLCL) -15 




(2/3 TCLCL) -15 




ns 


READY Hold Time into mPD8086 


TCHRYX 


30 




20 




ns 


READY Inactive to CLK 

(D 


TRYLCL 


-8 




-8 






HOLD Setup Time 


THVCH 


35 




20 




ns 


INTR, NMI, TEST Setup Time 

(D 


TINVCH 


30 




15 




ns 


Input Rise Time 


TILIH 




20 






ns 


From 8V to 2 0V 


Input Fall Time 


TIHIL 




12 






ns 


From 2 OV to 8V 



TIMING RESPONSES 



TIMING RESPONSES 



PARAMETER 


SYMBOL 


MPD8086 


MPD8086-2 (Preliminary) 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


Address Valid Delay 


TCLAV 


10 


110 


10 


60 




Cl = 20-100 pF for 
■ all MPD8086 Outputs 
(In addition to 
MPD8086 self-load) 


Address Hold Time 


TCLAX 


10 




10 




ns 


Address Float Delay 


TCLAZ 


TCLAX 


80 


TCLAX 


50 


ns 


ALE Width 


TLHLL 


TCLCH-20 




TCLCH-10 




ns 


ALE Active Delay 


TCLLH 




80 




50 


ns 


ALE Inactive Delay 


TCHLL 




85 




55 


ns 


Address Hold Time to ALE Inactive 


TLLAX 


TCHCL-10 




TCHCL-10 




ns 


Data Valid Delay 


TCLDV 


10 


110 


10 


60 


ns 


Data Hold Time 


TCHDX 


10 




10 




ns 


Data Hold Time After WR 


TWHDX 


TCLCH-30 




TCLCH-30 




ns 


Control Active Delay 1 


TCVCTV 


10 


110 


10 


70 


ns 


Control Active Delay 2 


TCHCTV 


10 


110 


10 


60 


ns 


Control Active Delay 


TCVCTX 


10 


110 


10 


70 


ns 


Address Float to READ Active 


TAZRL 












ns 


RD Active Delay 


TCLRL 


10 


165 


10 


100 


ns 


RD Inactive Delay 


TCLRH 


10 


150 


10 


80 




RD Inactive to Next Address Active 


TRHAV 


TCLCL-45 




TCLCL-40 




ns 


HLDA Valid Delay 


TCLHAV 


10 


160 


10 


100 


ns 


RD Width 


TRLRH 


2TCLCL-75 




2TCLCL-50 




ns 


WR WiOtn 


TWLWH 


2TCLCL-60 




2TCLCL-40 




ns 


Address Valid to ALE Low 


TAVAL 


TCLCH-60 




TCLCH-40 




ns 


Output Rise Time 


TOLOH 




20 






ns 


From 8V to 2 OV 


Output Fall Time 


TOHOL 




12 






n$ 


From 2 OV to 8V 



B 



NOTES: Signal at mPD8284 shown for reference only 

(2) Setup requirennent for asynchronous signal only to guarantee recognition ai 
(D Applies only to T2 state (8 ns into T3) 
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TIMING WAVEFORMS 



CLK (8284 Output) 



BHE/S7,Ai9/S6-Ai6/S3 



ROY (8284 Input) 
(D® 



READY (8086 Input) 



X 



X 



/ 



jr~\-jr^-^ r 



Tl 
-TCLCU- 



\ 



3( 



r^s r-\ 



V,, /(\ 1 

•— » |-*-TCLPi: 



Minimum Complexity 
Systems ® 



READ CYCLE 

® 

(WR, INTA = Vqh) 




X 



1 



-y 
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TIMING WAVEFORMS 

Minimum Complexity 
Systems (Con't.) (E) 



|iPD8086 



CLK(8284 OUTPUT) 



BH1/S7,Ai9/S6-Ai6/S3 



WHITE CYCLE I DEN ' 

® ' 

(RD, INTA, 
DT/Pr= Voh) 



jn^ 



• TCLCL ^TCH1CH2»^ Ui -*4 |-*- TCL2CL1 ^ 



INTA CYCLE 

(RD, WR = Voh 
BHE = Vol) 



\ 



SOFTWARE HALT 
DEN,RD,WR,INTA = Vqh 



/ 



T3 Tw 



* TCLCH •- 



BHE,Ai9-Ai6 
-H 



\ 



X 



^^d — M 

xvcTv-H r* I 

————.. M TL 



t 



TCVCTV*^ -» 



\ 



TCVCTV ^ 




TCVCTX*- 
■ TDVCL 



X 



INVALID ADDRESS 



SOFTWARE HALT 



J^ 



I C 

p »- TCVCTX 





NOTES: ® All signals switch between Vqh and Vql unless otherwise specified. 
@ ROY is sampled near the end of T2, T3, Tyv to determine if Tw 

machines states are to be inserted. 
(D Two INTA cycles run back-to-back. The/iPD8086 local ADDR/Data Bus Is 

floating during both INTA cycles. Control signals shown for second INTA 

cycle. 
® Signals at mPD8284 are shown for reference only. 
(§) All timing measurements are made at 1 .SV unless otherwise noted. 
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TIMING WITH MPB8288 BUS CONTROLLER 



TIMING REQUIREMENTS 



PARAMETER 


SYMBOL 


MPD8086 


;uPD8086-2 (Preliminary) 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


CLK Cycle Period -*iPD8086 


TCLCL 


200 


500 


125 


500 


ns 




CLK Low Time 


TCLCH 


(2/3 TCLCL) -15 




(2/3 TCLCL) -15 




ns 


CLK High Time 


TCHCL 


(1/3 TCLCL) +2 




(1/3 TCLCL) +2 




ns 


CLK Rise Time 


TCH1CH2 




10 




10 


ns 


From 1 OV to3 5V 


CLM Fall Time 


TCL2CL1 




10 




10 


ns 


From 3 5V to 1 OV 


Data in Setup Time 


TDVCL 


30 




20 




ns 




Data in Hold Time 


TCLDX 


10 




10 




ns 


RDY Setup Time into mPD8284 

®(D 


TR1VCL 


35 




35 




ns 


RDY Hold Time into MPD8284 


TCLR1X 












ns 


READY Setup Time into mPO8086 


TRYHCH 


(2/3 TCLCL) -15 




(2/3 TCLCL) -15 




ns 


READY Hold Time irtto/iPD8086 


TCHRYX 


30 




20 




ns 


READY inactive to CLK 
® 


TRYLCL 


-8 




-8 




ns 


Setup Time for Recognition 
(INTR, NMI, TEST) @ 


TINVCH 


30 




15 




ns 


RQ/GT Setup Time 


TGVCH 


30 




15 




ns 


RQ Hold Time into mPD8086 


TCHGX 


40 




30 




ns 


Input Rise Time 


TILIH 




20 






ns 


From 8V to 2 OV 


Input Fall Time 


TIHIL 




12 






ns 


From 2 0V to 8V 



MAXIMUM MODE SYSTEM 
With iuPB8288 
Bus Controller 



TIMING RESPONSES 



PARAMETER 


SYMBOL 


,^ 




UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


Command Active Delay 
(See Note 1 ) 


TCLML 


10 


35 


10 


35 


ns 


Cl = 20-100 pF for 
all MPD8086 Outputs 
(In addition to 
MPD8086 self-load) 


Command Inactive Delay 
(See Note 1 ) 


TCLMH 


10 


35 


10 


35 




READY Active to Status Passive 
(See Note 3) 


TRYHSH 




110 




65 


ns 


Status Active Delay 


TCHSV 


10 


110 


10 


60 


ns 


Status Inactive Delay 


TCLSH 


10 


130 


10 


70 


ns 


Address Valid Delay 


TCLAV 


10 


110 


10 


60 


ns 


Address Hold Time - 


TCLAX 


10 




10 




ns 


Address Float Delay 


TCLAZ 


TCLAX 


80 


TCLAX 


50 


ns 


Status Valid to ALE High 
(See Note 1 ) 


TSVLH 




15 




15 


ns 


Status Valid to MCE High 
(See Note 1 ) 


TSVMCH 




15 




15 


ns 


CLK Lov»» to ALE Valid 
(See Note 1 ) 


TCLLH 




15 




15 


ns 


CLK Low to MCE High 
(See Note 1) 


TCLMCH 




15 




15 


ns 


ALE Inactive Delay (See Note 1 ) 


TCHLL 




15 




15 


ns 


MCE Inactive Delay (See Note 1) 


TCLMCL 




15 




15 


ns 


Data Valid Delay 


TCLDV 


10 


110 


10 


60 


ns 


Data Hold Time 


TCHDX 


10 




10 




ns 


Control Active Delay (See Note 1 ) 


TCVNV 


5 


45 


5 


45 


ns 


Control Inactive Delay 
(See Note 1) 


TCVNX 


10 


45 


10 


45 


ns 


Address Float to Read Active 


TAZRL 












ns 


RD Active Delay 


TCLRL 


10 


165 


10 


100 


ns 


RD Inactive Delay 


TCLRH 


10 


150 


10 


80 


ns 


RD Inactive to Next Address Active 


TRHAV 


TCLCL-45 




TCLCL-40 




ns 


Direction Control Active Delay 
(See Note 1 ) 


TCHDTL 




50 




50 


ns 


Direction Control Inactive Delay 
(See Note 1 ) 


TCHDTH 




30 




30 


ns 


GT Active Delay 


TCLGL 





85 





50 


ns 


GT Inactive Delay 


TCLGH 





85 





50 


ns 


RD Width 


TRLRH 


2TCLCL-50 




2TCLCL-50 




OS 


Output Rise Time 


TOLOH 




20 






ns 


From 8V to 2 OV 


Output Fail Time 


TOHOL 




12 






ns 


From 2 0V to 8V 



NOTES Signal at mPB8284 or MPB8288 shown for reference only. 

§ Setup requirement for asynchronous signal only to guarantee recognition at m 
Applies only to T3 and wait states 
Applies only to T2 state (8 ns into T3) 
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fiPD8086 



TIMING WAVEFORMS 



Maximum Mode 
System Usina 
iLiPB8288 Controller (?) 



§2,11 ,lo (EXCEPT HALT) 



/BHE/S7,Ai9/S6-Ai6/S3 



(D< 



ALE (8288 OUTPUT) 



RDY (8284 INPUT) 



READ CYCLE ® 



I MRDC OR lORC 



8288 OUTPUTS 
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fiPD8086 



TIMING WAVEFORMS 
Maximum Mode 
System Using 
juPB8288 Controller 
(Con't.) ® 



VCHy 



S2,Sl,So (EXCEPT HALT) 



WRITE CYCLE® 



8288 OUTPUTS (§) (§) { 



INTA CYCLE® 



AMWC OR AlOWC 



AD15-AD0 

(SEE NOTES 3 & 4) 



MCE/ 
PDEN 



8288 OUTPUTS 



SOFTWARE HALT_- 

(DEN - Vol. RD. MRDC, IORC, MWTC, AMWC, lOWC, 



AlOWC, INTA, = Vqh) 



m^uT-^^n^urx 




T 



INVALID ADDRESS 



^ 



^ 



NOTES All signals switch iMtween Vqh and Vql ur 

(D RDY IS samplod near th« and of T2, T3, Tyy to detarmme if Tw 

machlnas statat ara to be insertad. 
(D Cascade address is valid betwwen first and second INTA cycle. 
® Two INTA cycles run back-to-back. The 8066 local ADDR/Data But is 

floating during both INTA cycles. Control for pointer address 

IS shown for second INTA cyde. 
(D Signals at 8284 or 8288 are shown for reference only. 
(§) The issuance of the 8288 command an d contr ol signah (MRDC. 

MWTC, AMWC, IORC, lOWC, AlOWC, INTA and DEN) lags the active high 

8288 CEN 
® All timing measurements are made at 1 .SV unless othefvme noted. 
(g) Status inactive in state lust prior to T4. 
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ASYNCHRONOUS SIGNAL 
RECOGNITION 



CLK 



► SIGNAL 



fiPD8086 



>: 



-•— TINVCH 



TEST 



NOTE : Setup requirements for asynchronous signals only to guarantee recognition 
at next CLK. 



BUS LOCK SIGNAL TIMING 



CLK -'*■ 



CYCLE 



V 



LK H H ANY CLK — m4 

E I CYCLE I 



-TCLAV 



\ 



-TCLAV 



/" 




REQUEST/GRANT SEQUENCE 
TIMING* 




NOTE: (T) The coprocessor may not drive the buses outside the region shown without 
risking contention. 

*for Maximum Mode only 



5-37 



/IPD8086 



ADi5-ADo. 
A19/S6-A16/S3, 
FTS. f. 

BHE/S7^/iO, 
DT/R, WR, DEN 




HOLD/HOLD ACKNOWLEDGE 
TIMING* 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Cerdip, |jiPD8086D 
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SEC 



/iPD8088 

HIGH-PERFORMANCE 

8-BIT MICROPROCESSOR 



Description 

The fjiPDQ088 is a powerful 8-bit microprocessor that is 
software-compatible with the jLtPD8086. The mPD8088 
has the same bus interface signals as the /iPD8085A, 
allowing it to interface directly with multiplexed bus 
peripherals. The fiPD8088 has a 20-bit address space 
which can be divided into four segments of up to 64K 
bytes each. 
Features 

D 8-bit data bus interface 
n 16-bit internal architecture 
D Addresses 1 M-byte of memory 
D Software-compatible with the 8086 
D Provides byte, word, and block operations 
D Performs 8- and 16-bit signed and unsigned arith- 
metic in binary and decimal 
D Multiply and divide Instruction 
D Directly interfaces to 8155, 8355, and 8755A multi- 
plexed peripherals 
D 40-pin DIP 



Pin Configuration 











Mm 
Mode 


llilfde} 


GNDC 


1 


^^ 


40 


Hvcc 




A14C 


2 




39 


DA15 




A13[I 


3 




38 


D A16/S3 




A12Q 
A11C 


4 
5 




37 
36 


D A17/S4 
I1A18/S5 




A10Q 


6 




35 


H A19/S6 




A9[Z 

A8C 

AD7(Z 


7 
8 
9 




34 
33 
32 


Dsso 
Umn/mx 

I]RD 


(HIGH) 


AD6[I 
AD5C 
AD4[I 


10 
11 
12 


8088 
CPU 


31 
30 
29 


Hhold 
Dhlda 

13 WR 


(RQ/GTO) 
(RQ/GT1) 
(LOCK) 


AD3Q 

ADac 


13 
14 




28 
27 


UlO/M 
I]DT/R 


(S2) 
(ST) 


AD1C 


15 




26 


I] DEN 


(SO) 


ADOC 
NMIC 

intrQ 


16 
17 
18 




25 
24 
23 


ID ALE 

Uinta 
Dtest 


(QSO) 
(QS1) 


CLKQ 

gndC 


19 
20 




22 
21 


H ready 

■J RESET 





Pin identification 




No. 


Symbol 


Namo 


Function 


1,20 


GND 


Ground 




2-8, 
35-39 


A19-A8 


Most significant 
address bits 


Most significant bits for memory operations. 


9-16 


AD7-AD0 


Address/Data bus 


Multiplexed address and data bus. 8-bit periph- 
erals tied to these bits use Aq to condition chip 
select functions. These lines are tri-state during 
hold and interrupt acknowledge states. 


17 


NMI 


Non-masl(able 
inten-upt 


This edge-triggered input causes a type 2 inter- 
rupt. The processor uses a lookup table for vec- 


18 


INTR . 




last clock cycle of each instruction. A lookup 
table is used for vectoring. INTR can be masked 


19 


CLK 


Clock 


The clock Is a 1/3 duty cycle mput providing 
basic timing for the processor and bus 
controller. 


21 


RESET 


Reset 


This active high signal must be high for 4 clock 
cycles. When it returns low, the processor 
restarts execution. 


22 


READY 


Ready 


data will be transferred. Synchronization is done 
by the mPD8284 clock generator. 


23 


TEST 


Test 


This input is examined by the "WAIT" instruc- 

nized by the processor on the leading edge of 
CLK. 


24 


JNTA 


Interrupt 
Acknowledge 


This is a read strobe for reading vectoring infor- 
mation. During T2, T3, and Tyy of each inten-upt 


25 


ALE 


Address Latch 
Enable 


Used with the mPD8282/8283 latches to latch the 
address during T-\ of any bus cycle. 


24,25 


QSi.QSo 


Queue Status 


(Max Mode) Tracks the Internal kPD8088 instruc- 
tion queue. 


26 


DEN 


Data Enable 


This is the output enable for the ^PD8286/8287 
transceivers. It is active low during memory and 
I/O access and INTA cycles. 


27 


DT/R 


Data Transmit/ 
Receive 


Controls the direction of data flow through the 
transceivers. 


28 


lO/M 


I/O/Memory 
Status 


Separates memory access from I/O access. 


29 


WR 


Write 


The processor is writing to memory or I/O, 
depending on the state of the iO/M line. 


29 


LOCK 


Lock 


(Max Mode) This output is set by the lock instruc- 
gaining control. 


30 


HLDA 


Hold 
Acknowledge 


A response to the HOLD input, causing the 

becomes active one cycle after HOLD returns 
low. 


31 


HOLD 


Hold 


When another device requests the local bus, 
HOLD is driven high, causing the ^PD8088 to 
issue a HLDA. 


30,31 


RQ/GTo 
RQ/GT1 


Request/Grant 


(Max Mode) Other local bus masters can force 
the processor to rebase the local bus at the end 
of the current bus cycle. 


32 


ffiD 


Read 


Depending on the state of the lO/M line, the 
processor is reading from memory or I/O. 


33 


MUim 


Minimum/ 
Maximum 


This input tells the processor in which mode it 
is to be used. This affects some of the pin 
descriptions. 


34 


ssoT 


Status Line 


Equivalent to S^ in Max Mode. 


26-28 


S0-S2 


Status Outputs 


(Max Mode) 


35-38 


S3-S6 




the uPD828£ to generate bus control signals. 


40 


vcc 


Power Supply 


5V power input. 



B 
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|L(PD8088 

Block Diagram 




Execution 
Unit 



AH 


AL 


BH 


BL 


CH 


CL 


^ 


DL 

P 


BP 


SI 


Dl 



\ Arithmetic/ / 
\ Logic Unit / 



Absolute Maximum Ratings* 

T- = 25<»C 



Tentative 


Ambient Temperature under Bias 


0«Cto70«C 




-65»Cto+150«C 


Voitage on any Pin with respect to Ground 


-0.5V to +7V 


Power Dissipation 


2.5 Watt 



*C0I\4MENT: Exposing the device to stresses above 
those listed In Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be oper- 
ated under conditions outside the limits described in 
the operational sections of this specification. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 

Ta = 0*C to +70«»C, Vcc = +5V ± 10% 





Symbol 




UmHa 


UnR 






Min 


lyp 


Mm 




Cloclc Input Low Voltage 


VCL 


-0.5 




+0.6 


V 




Clock Input High Voltage 


VCH 


3.9 




Vcc + 10 


V 






V|L 


-0.5 




+0.8 


V 




Input High Voitage 


V|H 


2.0 




VCC + 0.5 


V 






Vol 






0.45 


V 


lOL » 2.0 mA 


Output High Voltage 


VOH 


2.4 






V 


lOH = 400 mA 


Power Supply Current 


"cc 






340 


mA 




Input Leakage 


•li 






±10 


mA 


OV<V,N<Vcc 


Output Leakage 


'LO 






±10 


mA 


0.45V <VoUT< Vcc 


Capacitance 




Symbol 




Limits 


UnR 






Mbi 


Typ 


•tax 




Buffer (All Input except 
ADo>AD7 RQ/GT) 


C|N 






15 


PF 


fe = 1 MHz 


Capacitance of I/O Buffer 
(AD0-AD7 RQ/GT) 


C|0 






15 


PF 


fc s 1 IMHz 



AC Ciiaracteristlcs 

Minimum Mode Timing Requirements 

Ta a O^Cto ■»70>C,Vcc = »gV ± 1<Wi 





Symbol 


Mln 


Tn» 


Max 


UnR 




CLK Period 


tCLCL 


200 




500 


ns 




CLK Low Time 


tCLCH 


(2/3tCLCL)-15 






ns 




CLK High Time 


tCHCL 


(1/3tcLCL) + 2 






ns 




CLK Rise Time 


*CH1CH2 






10 


ns 


1.0V to 3.5V 


CLK Fall Time 


*CL2CL1 






10 


ns 


3.5V to 1.0V 



Data in Setup Time 


tDVCL 


30 


ns 


Data in Hold Time 


tCLDX 


10 


ns 


RDY Setup Time 
,iPD8284 ® (D 


*R1VCL 


35 


ns 


RDY Hold Time into 
MPD8284 ® (D 


«CLR1X 





ns 


READY Setup Time 
into (J>D8088 


tRYHCH 


(2/3tcLCL)-15 


ns 


READY Hold Time 
into MPD8088 


*CHRYX 


30 


ns 


READY Inactive to 
CLK (D 


tRYLCL 


-8 


ns 


HOLD Setup Time 


tHVCH 


35 


ns 


iNTR,NMi.TESr 
Setup Time ® 


t|NVCH 


30 


ns 


input Rise Time 
(Except CLK) 


tiLIH 




20 ns 


input Fail Time 
(Except CLK) 


tlHIL 




12 ns 



Notes: 

(1 Signal at fiPD8284 shown for reference only. 

(2 Setup requirement for asynchronous signal guarantees 
recognition at next CLK. 

(^ Applies to T2 State (8 ns Into T3 state). 



Timing ResfMnses 



Typ Max UnRs Tost CondRkma 



Address Valid Delay tcu^y 



Address Hold Time tcLAx 



Address Roat Delay tQu^ 



tCLAX 



tLHLL 



tCLCH-20 



ALE Active Delay tcLLH 



ALE inactive Delay tQHLL 



Address Hold Time 
to ALE Inactive 



tLLAX 



tcHCL-10 



Data Valid Delay tcLDV 



Data Hold Time 



<CHDX 



Data Hold Time 
After WR 



<WHDX *CLCH~30 



110 ns Cl = 20-100 pF for 
~ all 8088 outputs 
and internal loads 



Control Active 
Delay 1 



tcvCTV 



Control Active 
Delay 2 



*CHCTV 



Control Inactive 



«CVCTX 



Address Float to 
READ Active 



^AZRL 



RD Active Delay t^^LRL 



RD Inactive Delay USUKH 



r5 Inactive to Next t^HAV 
Address Active 



tcLCL-45 



HLDA Valid Delay tcLHAV 



RD Width 



«RLRH 2tcLCL-75 



WR Width 



*WLWH 2tcLCL-60 



Address Valid to Iaval tCLCH'^O 

ALE Low 



Output Rise Time Iqi^qh 



Output Fall Time toHOL 



0.8V to 2.0V 
2.0V to 0.8V 
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AC Characteristics (Cent.) 

Max Mods SystMH Timing Requlrommits 

(Using 8288 Bus Controllw) 



Paranwtwr 


Symbol 


Mfci 


TVP 


Max 


Unit 




CLK Period 


tCLCL 


200 




500 


ns 




CLK Low Time 


tCLCH 


(2/3tcLCL)-15 






ns 




CLK High Time 


tCHCL 


(1/3tcLCL) + 2 






ns 




CLK Rise Time 


«CH1CH2 






10 


ns 


1.0V to 3.5V 


CLK Fall Time 


kJLaCLI 






10 


ns 


3.5V to 1.0V 



Data In Setup Time 


*DVCL 


30 


ns 


Data In Hold Time 


tCLDX 


10 


ns 


RDY Setup Time 
Into MPD8284 (^ (2) 


«R1VCL 


35 


ns 


RDY Hold Time Into 
MPD8284 (D 


♦CLRIX 





ns 


READY Setup Time 
into MPD8088 




(2/3tcLCL)-15 


ns 


READY Hold Time 
into MPD8088 


*CHRYX 


30 


ns 


READY inactive to 
CLK (§) 


»RYLCL 


-8 


ns 


Setup Time for 
NMi, Tl^ @ 


«INVCH 


30 


ns 


RQ/GT Setup Time 


*GVCH 


30 


ns 


RQ Hold Time into 
fiPD8088 


tCHGX 


40 


ns 


input Rise Time 
(Except CLK) 


tlLIH 




20 ns 


Input Fall Time 
(Except CLK) 


tlHIL 




12 ns 



0.8V to 2.0V 
2.0V to 0.8V 



MPD8088 



Timing Rssponses 



TVp Max Unite Teet CondHlons 



Command Active tctiML 
Delay 



Command Inactive tcLNiH 
Delay (D 



READY Active to t^YHSH 

Status Passive (|) 



Status Active Delay t^HSV 



Status Inactive 
Delay 



*CLSH 



Address Valid Delay tcLAV 



Address Hold Time tci^^x 



Address Float Delay tci,A2 



«CLAX 



Status Valid to ALE tsvLH 
Higii <S) 



Status Valid to MCE tsvMCH 
High 



CLK Low to ALE tQLLH 

Valid 



CLK Low to MCE tcLMICH 
High 



ALE Inactive 
Delay 



«CHLL 



MCE Inactive 
Delay 



tCLMCL 



Data Valid Delay tci.DV 



Data Hold Time 



*CHDX 



Control Active 



tCVNV 



Control inactive 
Delay 



*CVNX 



^AZRL 



RD Active Delay 



tCLRL 



RD inactive Delay t^LRH 



RD Inactive to Next Irhav 
Address Active 



tCLCL-45 



Direction Control 
Active Delay 



tCHDTL 



Direction Control tcHDTH 
Inactive Delay 



?af Active Delay tcLGL 



<5T Inactive Delay tCLGH 



R5 Width 



tRLRH 



2tCLCL-75 



Output Rise Time totOH 



Output Fall Time to^OL 



15 ns Cl = 20-100 pF for 

all 8088 outputs 

^_ and internal loads 




20 ns 0.8V to 2.0V 

~I2 ns 2.0V to 0.8V 



Notes: 

® Signal at nPD8284 or |4PD8288 shown for reference only. 
® Setup requirement for asynchronous signal guarantees 

recognition at next CLK. 
(§) Applies to T3 and wait states. 
(J) Applies to T2 state (8 ns into T3 state). 
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/iPD8088 

Timing Waveforms 



CLK (mPD8284 Output) 



A19/S8-A18/S3 



RDY (mPD8284 Input) 



RDY (»iPD8088 Input) 



Read Cycle 

®1 

(WR, INTA = VOH) 



AD7-AD0 



\. y 



-tCLCL- 



3C 



X 



X 



I 



•^ tCHCL ^ 



"^^ 



"^. 



.7" -\ 



C > 



T3 TvvAIT 

— tCL2CL1 I 



A15-A8 (Float During INTA) 



X 



SS( 



:^ 



— tCLCH ^ 



S6-S3 




f~X 



X 



}( 



3C 



S^^^^^ 
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Timing Waveforms (Cont.) 



MPD8088 



K (mPD8284 Output) / \ 



Write Cycle 



AD7-AD0 



INTA Cycle 
(Re, W^ = VOH) 



Software Halt 

BIN, RD, WR, IRTA = VoH 

AD7-AD0 




INTA 



Notes: 

(D All signals switch between Vqh an«l Vql unless otherwise specified. 
® RDY Is sampled near the end of T2, T3, TyvAIT to determine if TyvAIT machine states are 
inserted. 

@ Two INTA cycles run back-to-back. The mPD8088 local Address/ Data bus floats during both 

INTA cycles. The control signals shown are for the second INTA cycle. 
® Signals at the mPD8284 are shown for reference, 
d) All timing measurements are taken at 1 .5V unless otherwise specified. 
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XPD8088 



Timing Waveforms (Cont.) 



lyiaximum IMode System Bus Timing 
(using 8288 Bus Controller) 



VCH 



VCL- 



S2. S^, Sq (Except Halt)- 



A15-A8 



A19/S6-A16/S3 



I ALE (MPD8288 Output) 



( RDY (mPD8284 Input) 



Ready (mPD8088 Input) / 



Read Cycle 



AD7-AD0 



MRDC OR lORC 



MPD8288 Outputs 

©© 



'^; r 



tQLAV 



tCHSV 



X 



tCLAV 



tCLLH 



/ 



X 



tSVLH 



tCLCL- 



tCH1CH2 



Y ./ 



tCHCL 



tCLAX 



A19-A16 



*CHLL 



X 



3C 



S^: 



'smm 



A15-A8 



tRIVCL 



T3 
tCL2CL1 TwAIT 



r^ 



X 



tCLSH 



tCLRIX 



® 



r 



tCLCH 



X 



:;m^^^^^ 



X 



X 



3( 



tCHDX 



3C 
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|L(PD8088 



Timing Waveforms (Cont.) vch 

CLK 
S2, Si , Sq (Except Halt) 



MPD8288 Outputs 
©® 



AMWC OR AlOWC 



MWTC OR lOWC 



MPD8288 Outputs 
®® 



Software 
Halt - (DEN 





Vol; RD, mrdc, iorc, mwtc, amwc, iowc, aiowc, inta, 
AD7-AD0, A15-A8 



tCLAV 



X 



Invalid Address 



S2, S1.S0 



V 



y 



Notes: 

® All signals switch between Vqh and Vql unless otherwise specified. 

(^ RDY is sampled near the end of T2, T3, TwAIT to determine if TwAIT machine states are 

inserted. 
(D The cascade address is valid between the first and second INTA cycles. 
(§) Two INTA cycles run back-to-back. The mPD8088 local Address/Data bus floats during both 

INTA cycles. The control signals shown are for the second INTA cycle. 
(§) Signals at the nPD8284 and hPD8288 are shown for reference. 

® The hPD8288 a ct ive-high CEN l ags when the |iPD828 8 iss ues c ommand and control signals 

(MRDC, MWTC, AMWC, IORC, lOWC, AIOWC, INTA, and DEN). 
(2) All timing measurements are taken at 1 .5V unless otherwise specified. 
(§) Status is inactive prior to T4. R — AR 



jLiPD8088 

Timing Waveforms (Cont.) 

Asynchronous Input Recognition 



\ 



/ 



Signal 



y. 



V 



tINVCH ® 



Note: 

® Setup requirements for asynchronous signals guarantee recognition at next CLK. 



Maximum Mode Bus Locl( Signal Timing 



V 



- Any CLK Cyclp - 



y 



1 



^- 



-Any CLK Cycle- 



/" 



J' 



Maximum Mode Request/Grant Sequence Timing 

Any CLK Cycle 



"^ 



/i 



RO/GT 



:r 



-0 CLK Cycle-* 



tGVCH 
— tCHGX— 
Pulse 1 



"\ Coprocessor /" 



Pulse 2 
MPD8088 ST 



Previous Grant 



A19/S6-A16/S3 ^ 
A15-A8 
AD7-AD0 ^ 
S2, Si.Sq 

RD, Cock 



Pulse 3 
Coprocessor 



"K 



y 



_A_ 



Coprocessor 



Note: 

d) The coprocessor risl<s bus contention if it drives the buses outside the areas shown. 



U tCLGH 



\_ 



X 



tQVCH 

- tCHGX 
»CLGL 
*CLGH 
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fiPD8088 



Timing Waveforms (Cont.) 

Mimimum Mode Hold Acknowledge Timing 




Note: 

All signals switch between Vqh and Vql unless otherwise specified. 



Pacicage Outiines 

For information, see Package Outline Section 7. 




Cerdip, |xPD8088D 
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fjiPD765A/HiPD7265 

SINGLE/DOUBLE DENSITY 

FLOPPY DISK CONTROLLER 



Description 

The fxPD765A is an LSI Floppy Disk Controller (FDC) chip 
which contains the circuitry and control functions for inter- 
facing a processor to 4 floppy-disk drives. It is capable of 
supporting either IBM 3740 Single Density format (FM), or 
IBM System 34 Double Density format (MFM) including 
double-sided recording. The |jlPD765A provides control 
signals which simplify the design of an external phase 
locked loop and write precompensation circuitry. The FDC 
simplifies and handles most of the burdens associated with 
implementing a floppy-disk interface. 
The ^jlPD7265 is an addition to the FDC family that has 
been designed specifically for the Sony Micro Floppydisk® 
drive. The |jlPD7265 is pin-compatible and electrically 
equivalent to the 765A but utilizes the Sony recording for- 
mat. The |jlPD7265 can read a diskette that has been 
formatted by the |jlPD765A. 

Hand-shaking signals are provided in the fjLPD765A/ 
fjLPD7265 which make DMA operation easy to incorporate 
with the aid of an external DMA Controller chip, such as the 
|jlPD8257. The FDC will operate in either the DMA or non- 
DMA mode. In the non-DMA mode the FDC generates 
interrupts to the processor every time a data byte is to be 
transferred. In the DMA mode, the processor need only 
load the command into the FDC and all data transfers 
occur under control of the FDC and DMA controllers. 
There are 15 commands which the |xPD765A/|jlPD7265 
will execute. Each of these commands requires multiple 
8-bit bytes to fully specify the operation which the proces- 
sor wishes the FDC to perform. The following commands 
are available: 



READ DATA 


SCAN HIGH OR EQUAL 


WRITE DELETED DATA 


READ ID 


SCAN LOW OR EQUAL 


SEEK 


SPECIFY 


READ DELETED DATA 


RECALIBRATE 


READ TRACK 


WRITE DATA 


SENSE INTERRUPT STATUS 


SCAN EQUAL 


FORMAT TRACK 


SENSE DRIVE STATUS 



Features 

Address Mark detection circuitry is internal to the FDC 
which simplifies the phase locked loop and read elec- 
tronics. The track stepping rate, head load time, and 
head unload time are user-programmable. The |jlPD765A/ 
|jlPD7265 offers additional features such as multitrack and 
multiside read and write commands and single and double 
density capabilities. 
D Sony (EMCA) Compatible Recording Format 

(fjlPD7265) 
D IBM-compatible Format (Single and Double Density) 

(M-PD765A) 
D Multisector and Multitrack Transfer Capability 
D Drive Up to 4 Floppy or Micro Floppydisk® Drives 
n Data Scan Capability— Will scan a single sector or an 

entire cylinder comparing byte-for-byte host memory 

and disk data 



D Data Transfers in DMA or Non-DMA Mode 
n Parallel Seek Operations on Up to Four Drives 
D Compatible with |xPD8080/85, |jlPD8086/88 and 

|jlPD780 (Z80™) Microprocessors 
D Single Phase Clock (8 MHz) 
D +5V0nly 
n 40-Pin Plastic Package 

"*Z80 IS a registered trademark of Zilog Inc 
Micro Floppydisk® is a registered trademark of Sony Corporation 

Biocic Diagram 



O 'buffer O O "^^'^^^^^ 



Terminal 
Count 

DRQ « 

DACK - 

INT ■*■ 

RD _ 

WR - 

Ao 

Reset — 



Read/ 
Write/ 
DMA 
Control 
Logic 







o 



Sena! 
Interface 
Controller 



- WR Clock 
' WR Data 

' WR Enable 

► PreshiftO 

► Preshift 1 

- RD Data 

- Read Data Window 
■ VCOSync 



O 







Input 






Port 


Drive 






Interface 






Controller 


A-N 


Output 




W 


Port 



- Ready 

_ Write Protect/ 
Two Side 

- Index 

- Fault/Track 

.. Unit Select 

- Unit Select 1 
" MFM Mode 

> RW/Seek 
•- Head Load 
•■ Head Select 
^ Low Current/ 

Direction 
" Fault Reset/Step 




Absolute Maximum Ratings* 



Ta = 25X 


Operating Temperature 


-10Xto+70°C 


Storage Temperature 


-40°Cto+125°C 


All Output Voltages 


-0.5to+7V 


All Input Voltages 


-0.5to+7V 


Supply Voltage Vcc 


-0.5to+7V 


Power Dissipation 


1W 



*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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Pin Configuration 



RESET C 
RD C 
WR C 
CS C 
AoC 
DBoC 
DB, C 
DB2C 
DB3C 
DB4 c 

DBsC 

DBrC 

DRQ C 

DACK C 

TC C 

IDX C 

INT C 

CLK C 

GND C 



^^ 40 
39 


3Vec 

3 RW/SEEK 


38 


3 LCT/DIR 


37 


D FR/STP 


36 


3 HDL 


35 


D PDY 


34 


3 WP/TS 


33 


D FLT/TRo 


32 
|xPD765A 

|jiPD7265 3Q 


DPSo 
DPS, 
3 WDA 


29 


1 USo 


28 


DUSi 


27 


DHD 


26 


3 MFM 


25 


1 WE 


24 


D vco 


23 


DRD 


22 


DRPW 


21 


D WCK 



DC Characteristics 

Ta= -lOXto+TOX; 

Vcc = + 5V ± 5% unless otherwise specified 



Parameter 






Limits 


Unit 


Test 


Symbol 


Min 


TVp® 


Max 


Conditions 


Input Low Voltage 


V,L 


-0.5 




08 


V 




Input High Voltage 


V|H 


2.0 




Vcc + 0.5 


V 




Output Low Voltage 


Vol 






0.45 


V 


loL = 2 mA 


Output High Voltage 


VOH 


2.4 




Vcc 


V 


loH = -200 ^lA 


Input Low Voltage 
(CLK + WR Clock) 


V,l(<1>) 


-0.5 




0.65 


V 




Input High Voltage 
(CLK + WR Clock) 


V,H(<t>) 


24 




Vcc + 5 


V 




Vcc Supply Current 


Ice 






150 


mA 




Input Load Current 
(All Input Pins) 


lu 






10 
-10 


(xA 
jxA 


V,N = Vcc 
V,N = OV 


High Level Output 
Leakage Current 


Iloh 






10 


fxA 


Vqut = Vcc 


Low Level Output 
Leakage Current 


Ilou 






-10 


fxA 


VouT = + 0.45V 



Note: ® Typical values for Tg = 25°C and nominal supply voltage 



Capacitance 



T. = 25°C;fc = 


1MHz; 


Vcc = OV 










Limits 


Unit 


Test 




Symbol Min Typ Max 


Conditions 


Clock Input 
Capacitance 




C,N,*) 20 


PF 


All pins except 
pin under test 


Input Capacitance 




C,N 10 


PF 


tied to AC 


Output Capacitance 




CouT 20 


pF 





Pin identification 








Pin 


1 


Connects To 


Function 


No. Symbol Name 



1 RST Reset 



Places FDC in idle state Resets 
output lines to FDD to (low) 
Does not affect SRT, HUT or 
HLT in Specify command If 
RDY pin is held high during 
Reset, FDC will generate an 
interrupt within 1 024 msec To 
clear this interrupt use Sense 
Interrupt Status command 



2 


RD 


Read 


1 J) 


Processor 


Control signal for transfer of 
data from FDC to Data Bus, 
when (low) 


3 


WR 


Write 


1 i 


Processor 


Control signal for transfer of. 
data to FDC via Data Bus, when 
O(low) 


4 


CS 


Chip Select 


1 


Processor 


IC selected when (low), allow- 
ing RD and WR to be enabled 


5 


Ao 


Data Status 
Reg Select 


1 .1 


Processor 


Selects Data Reg (Ao = 1) or 
Status Reg (Ao = 0) contents of 
the FDC to be sent to Data Bus 


6-13 


sr 


Data Bus 


l/Oi 


Processor 


Bidirectional 8-bit Data Bus 


14 


DRQ 


Data DMA 
Request 





DMA 


DMA Request is being made by 
FDC when DRQ = 1 


15 


DACK 


DMA 


1 


DMA 


DMA cycle is active when 
(low) and controller is perform- 
ing DMA transfer 


16 


TC 


Terminal Count 


1 


DMA 


Indicates the termination of a 
DMA transfer when 1 (high) It 

Read/Write/ Scan command in 
DMA or Interrupt mode 


17 


IDX 


Index 


1 


FDD 


Indicates the beginning of a 
disk track 


18 


INT 


Interrupt 





Processor 


Interrupt Request generated 


19 


CLK 


Clock 


1 




Single phase 8 MHz square- 
wave clock 


20 


GND 


Ground 






DC power return 


21 


WCK 


Write Clock 


1 




Write data rate to FDD FM = 
500 KHz, MFM = 1 MHz, with a 
pulse width of 250 ns for both 
FM and MFM 


22 


RDW 


Read Data 
Window 


1 


Phase 
Lock Loop 


Generated by PLL, and used to 
sample data from FDD 


23 


ROD 


Read Data 


1 


FDD 


Read data from FDD, containing 
clock and data bits 


24 


VCO/ 
Sync 


VCO/Sync 





Phase 
Locked Loop 


Inhibits VCO in PLL when 
(low), enables VCO when 1 


25 


WE 


Write Enable 





FDD 


Enables write data into FDD 


26 


MFM 


MFM Mode 





Phase 
Lock Loop 


MFM mode when 1,FM mode 
when 


27 


HD 


Head Select 





FDD 


Head 1 selected when 1 (high). 
Head selected when (low) 


28,29 


USi, 

us; 


Unit Select 





FDD 


FDD Unit selected 


30 


WDA 


Write Data 





FDD 


Serial clock and data bits 
to FDD 


31,32 


Precompen- 
PSi, PSq sation 

(preshift) 





FDD 


Write precompensation status 
during MFM mode Determines 
early, late, and normal times 


33 


FLT/TRo 


Fault/Track 


1 


FDD 


Senses FDD fault condition m 
Read/Write mode, and Track 
condition in Seek mode. 


34 


WP/TS 


Write Protect/ 
Two Side 


1 


FDD 


Senses Wnte Protect status in 
Read/Write mode, and Two-Side 
Media in Seek mode 


35 


RDY 


Ready 


1 


FDD 


Indicates FDD is ready to send 
or receive data 


36 


HDL 


Head Load 





FDD 


Command which causes read 
write head in FDD to contact 
diskette 


37 


FR/STP 


Fit Reset/Step 





FDD 


Resets fault FF in FDD in Read 
Write mode, contains step 
pulses to move head to another 
cylinder in Seek mode 



38 LCT/DIR 



Low Current/ 
Direction 



Lowers Write current on inner 
tracks in Read/Write mode, 
determines direction head will 
step in Seek mode A fault reset 
pulse IS issued at the beginning 
of each Read or Write command 
prior to the occurrence of the 
Head Load signal 



39 


RW/ 
SEEK 


Read Write. 
Seek 





FDD 


selected and when (low) 
Read/Write mode selected 


40 


Vcc 


+ 5V 






DC power. 



Note: ® Disabled when CS = 
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AC Characteristics 

Ta= -10°Cto+70°C; 

Vcc = +5V ± 5% unless otherwise specified 
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Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ® 


Max 


Conditions 




(t)CY 


120 


125 
125 


500 


ns 




Clock Period 


8 FDD 




250 




5V4" FDD 






125 




3V2 " Sony 


Clock Active (High) 


4,0 


40 






ns 




Clock Rise Time 


<t)r 






20 


ns 




Clock Fall Time 


<t>f 






20 


ns 




Ao, CS, DACK Setup Time 
toRD i 


tAR 









ns 




Ao, CS, DACK Hold Time 
from RD t 


tRA 









ns 




RD Width 


tRR 


250 






ns 




Data Access Time from 

RD i 


tRD 






200 


ns 


CL = 100pf 


DB to Float Delay Time 
from RD t 


toF 


20 




100 


ns 


Cl = 100 pF 


Ao, CS, DACK Setup Time 
toWR i 


tAW 









ns 




Ao,CS, DACK Hold Time 
toWR t 


twA 









ns 




WR Width 


tww 


250 






ns 




Data Setup Time to WR t 


tow 


150 






ns 




Data Hold Time from WR f 


two 


5 






ns 




INT Delay Time from RD t 


tRI 






500 


ns 




INT Delay Time from WR f 


twi 






500 


ns 




DRQ Cycle Time 


tMCY 


13 






fxS 




DACK i -^ DRQ i Delay 


tAM 






200 


ns 




DRQ t ^ DACK i Delay 


tuA 


200 






ns 


<t)cy = 125 ns 


DACK Width 


tAA 


2 






4>cv 




TC Width 


tTC 


1 






(|)CY 




Reset Width 


tRST 


14 






c|>CY 





Timing Waveforms 

Processor Read Operation 

Ao CS, DACK ^ 



*rd[* ► — ♦ 






Processor Write Operation 



Ao,CS,DACK ^^ 

WR 
Data 
INT 



— *■ [-• — Uw — ^ -• — t\ 



^i 



H- 



WCK Cycle Time 



MFM 


= 


5V4" 




MFM 


= 1 


51/4" 




MFM 


= 


8" 




MFM 


= 1 


8" 




MFM 


= 


31/2" 


(D 



Clock 



DMA Operation 




WCK Active Time (High) 


to 


80 


250 350 


ns 


WCK Rise Time 


tr 




20 


ns 


WCK Fall Time 


t, 




20 


ns 


Preshift Delay Time 
from WCK f 


top 


20 


100 


ns 


WCK t ^ WE t Delay 


tcWE 


20 


100 


ns 


WDA Delay Time from 

WCK t 


tcD 


20 


100 


ns 


RDD Active Time (High) 


tRDD 


40 




ns 



DRQ 


^ 




\ 






'- 




t^M ^ 


T 


" — 










*— w- 






DACK 




*-tMA-.A 


V 


















V 




WR or RD 


z 


tMw(WR) 

tMR (RD) 


"1 


\ ? 








MFM = 51/4" 



Window Cycle Time 



MFM = 


1 


51/4" 


MFM = 





8 


MFM = 


1 


8 


MFM = 





31/2" 



FDD Write Operation 



MFM = 1 31/2" 



Window Hold Time 
to/from RDD 



^RDW 



USo,i Hold Time to RW/SEEK f tus 



RVy/SEEK Hold Time to LOW 
CURRENT/DIRECTION t 



Preshift or 1 X 



LOW CURRENT/DIRECTION 
Hold Time to FAULT RESET/ 
STEPt tpsTi_ 



USo,i Hold Time from FAULT 
RESET/STEP 1 


tsTU 


5.0 




jiS 


8 MHz Clock 
Period ® 


STEP Active Time (High) 


tsTP 


6 7 


8 


fiS 


® 


STEP Cycle Time 


tsc 


33 (D 


(D 


jiS 


® 


FAULT RESET Active Time 
(High) 


tpR 


8.0 


10 


(IS 


® 


Write Data Width 


twDD 


To-50 




ns 




USo,i Hold Time After SEEK 


tsu 


15 




(IS 




Seek Hold Time from DIR 


tos 


30 




(AS 


Period 


DIR Hold Time after STEP 


tsTD 


24 




|jlS 




Index Pulse Width 


t|DX 


10 




(t)CY 




RD i Delay from DRQ 


tuR 


800 




jiS 




WR i Delay from DRQ 


tMW 


250 




|i,S 


8 MHz Clock 


WE or RD Response Time 
from DRQ t 


tMRW 




12 


|XS 






Notes: ® Typical values for Tg = 25°C and nominal supply voltage 

@ Under Software Control The range is from 1 ms to 16 ms at 8 MHz clock penod, and 2 

to 32 ms at 4 MHz clock period 
® Sony Micro Floppydisk® 3V2" drive 
® Double these values for a 4 MHz clock period 





Preshift 


Preshift 1 


Normal 








Late 





1 


Early 


1 





Invalid 1 1 
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Timing Waveforms (Cont.) 

Seek Operation 

^^°' )t stable 



RW/Seek 

Direction 

Step 



-A nU 



U tsc 



A\- 



FLT Reset 



Index 



Fault Reset - Jf k. 

File Unsafe Reset —^i r — 



FDD Read Operation 



4V r\ 

— ^ p-tRDD K^wRD-H 



Read Data Window 



Note: Either polarity data window is valid 



Terminal Count 



Internal Registers (Cont.) 

The bits in the Main Status Register are defined as follows: 





Bit 




Description 


No. 


Name 


Symbo 


DBo 


FDD Busy 


DoB 


FDD number is in the Seek mode. If any of the bits is 
set FDC will not accept read or write command 


DBi 


FDD 1 Busy 


DiB 


FDD number 1 is in the Seek mode. If any of the bits is 
set FDC will not accept read or write command. 


DB2 


FDD 2 Busy 


D2B 


FDD number 2 is in the Seek mode. If any of the bits is 
set FDC will not accept read or write command. 


DB3 


FDD 3 Busy 


D3B 


FDD number 3 is in the Seek mode. If any of the bits is 
set FDC will not accept read or write command. 


DB4 


FDC Busy 


CB 


A read or write command is in process. FDC will not 
accept any other command. 


DB5 


Execution 
Mode 


EXM 


This bit IS set only during execution phase m non-DMA 
mode When DB5 goes low, execution phase has ended 
and result phase has started. It operates only during 
non-DMA mode of operation. 


DBg 


Data Input/ 
Output 


DIO 


Indicates direction of data transfer between FDC and 
Data Register If DIO = 1, then transfer is from Data 
Register to the processor If DIO = 0, then transfer is 
from the processor to Data Register. 



Reset 



DB7 Request ROM Indicates Data Register is ready to send or receive data 

for Master to or from the processor. Both bits DIO and ROM should 

be used to perform the hand-shaking functions of 
"ready" and "direction" to the processor. 

The DIO and ROM bits in the Status Register indicate when 
data is ready and in which direction data will be transferred 
on the data bus. The maximum time between the last RD or 
WR during a command or result phase and DIO and ROM 
getting set or reset is 12 |jls. For this reason every time the 
Main Status Register is read the CPU should wait 12jxs. 
The maximum time from the trailing edge of the last RD 
in the result phase to when DB4 (FDC busy) goes low 
is 12 |jls. 



: J\\ Reset /[\ 

-H k-tjC -H h— *RST 



Internal Registers 

The |jlPD765A/|jlPD7265 contains two registers which may 
be accessed by the mam system processor: a Status Reg- 
ister and a Data Register The 8-bit Mam Status Register 
contains the status information of the FDC, and may be 
accessed at any time. The 8-bit Data Register (which actu- 
ally consists of several registers in a stack with only one 
register presented to the data bus at a time), stores data, 
commands, parameters, and FDD status information Data 
bytes are read out of, or written into, the Data Register in 
order to program or obtain the results after a particular 
command. Only the Status Register may be read and used 
to facilitate the transfer of data between the processor and 
|j.PD765/|jlPD7265. 

The relationship between the Status/Data registers and the 
signals RD, WR, and Aq is shown below. 



Data In/Out Out FDC and In to Processor 

(DIO) Out Processor and Into FDC I I 



Request for Master 
(ROM) 




Notes: H — Data register ready to be written into by processor 

ffil — Data register not ready to be written into by processor 

E] — Data register ready for next data byte to be read by processor 

E — Data register not ready to be read by processor 



Ao 


RD 


WR 


Function 










1 


Read Mam Status Register 







1 





Illegal 













Illegal 




1 








Illegal 




1 





1 


Read from Data Register 




1 


1 





Write into Data Register 
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Status Register Identification 





Bit 




Description 


No. 


Name 


Symbol 


Status Register 



Dy = and De = 

Normal Termination of command, (NT). Command was 

completed and properly executed. 

D7 = and Dg = 1 

Abnormal Termination of command, (AT). Execution of 

command was started but was not successfully 

Interrupt Code IC completed. 

D7 = 1 and Dg = 

Invalid Command Issue, (IC). Command which was 
issued was never started. 
D7 = 1 and Dg = 1 

Abnormal Termination because during command execu- 
tion the ready signal from FDD changed state. 



Dc Seek End 



When the FDC completes the SEEK command, this flag 
IS set to 1 (high). 



n Equipment 
°4 Check 



If a fault signal is received from the FDD, or if the Track 
signal fails to occur after 77 step pulses (Recalibrate 
Command) then this flag Is set. 



D3 Not Ready 



When the FDD is in the not-ready state and a read or 
write command is issued, this flag is set. If a read or 
write command Is issued to Side 1 of a single-sided 
drive, then this flag is set. 



Do Head Address 



This flag is used to indicate the state of the head at 
Interrupt. 



D^ Unit Select 1 



USi 



Dp Unit Select 



JJSjj^ 



These flags are used to indicate a Drive Unit Number 
at Interrupt. 



Status Register 1 



D7 End of Cylinder EN 



When the FDC tries to access a sector beyond the final 
sector of a cylinder, this flag is set. 



Not used. This bit is always (low). 



Dg Data Error 



When the FDC detects a CRC® error in either the ID field 
or the data field, this flag is set. 



D4 Overrun 



If the FDC is not serviced by the host system during data 
transfers within a certain time interval, this flag 
IS set. 



Not used. This bit always (low). 



During execution of READ DATA, WRITE DELETED DATA 
or SCAN command, if the FDC cannot find the sector 
specified in the IDR® Register, this flag is set. 
During execution of the READ ID command, if the FDC 
cannot read the ID field without an error, then this flag 
is set. 

During execution of the READ A cylinder command, if 
the starting sector cannot be found, then this flag is set. 



Di Not Writable 



During execution of WRITE DATA, WRITE DELETED 
DATA or Format A cylinder command, if the FDC detects 
a write protect signal from the FDD, then this flag is set. 



p. Missing Address „& 



If the FDC cannot detect the ID Address Mark after 
encountering the index hole twice, then this flag is set. 
If the FDC cannot detect the Data Address Mark or 
Deleted Data Address Mark, this flag is set. Also at the 
same time, the MD (Missing Address Mark in data field) 
of Status Register 2 is set. 



Status Register 2 



Not used. This bit is always (low). 



Dg Control Mark 



During execution of the READ DATA or SCAN command, 
if the FDC encounters a sector which contains a Deleted 
Data Address Mark, this flag is set. 



n Data Error in 
"5 Data Field 



If the FDC detects a CRC error in the data field then this 
flag is set. 



D4 Wrong Cylinder WC 



This bit is related to the ND bit, and when the contents of 
C® on the medium is different from that stored in the 
IDR, this flag is set. 



D3 Scan Equal Hit SH 



During execution of the SCAN command, if the condition 
of "equal" is satisfied, this flag is set. 



Dj Scan Not Satisfied SN 



During execution of the SCAN command, if the FDC can- 
not find a sector on the cylinder which meets the 
condition, then this flag is set. 



Di Bad Cylinder 



Missing 
Do Address Mark MD 

in Data Field 



This bit is related to the ND bit, and when the contents of 
C on the medium is different from that stored in the IDR 
and the contents of C is FF(ig), then this flag is set. 



When data is read from the medium, if the FDC cannot 
find a Data Address Mark or Deleted Data Address Mark, 
then this flag is set. 



Status Register Identification (Cent.) 



Description 



Status Register 3 



D7 Fault 



This bit is used to indicate the status of the Fault signal 
from the FDD. 



n uirito Dr»»o,v*<^ uiD This bit is used to indicate the status of the Write Pro- 
Dg Write Protected WP tected signal from the FDD. 



Dg Ready 



This bit is used to indicate the status of the Ready signal 
from the FDD. 



D4 Track 



This bit is used to indicate the status of the Track 
signal from the FDD. 



This bit is used to indicate the status of the Two Side 
signal from the FDD. 



n u^«^ Aw^>«<,. un This bit IS used to indicate the status of the Side Select 

Da Head Address HD signal to the FDD 



Di Unit Select 1 



This bit IS used to indicate the status of the Unit Select 1 
signal to the FDD. 



, ,c This bit IS used to indicate the status of the Unit Select 
"^0 signal to the FDD. 



Do Unit Select 



Notes: ® CRC = Cyclic Redundancy Check 
® IDR = Internal Data Register 
® Cylinder (C) is descnbed more fully in the Command Symbol Descnpton on page 7 



Command Sequence 

The (jlPD765A/|jlPD7265 is capable of performing 15 differ- 
ent commands. Each command is initiated by a multibyte 
transfer from the processor, and the result after execution 
of the command may also be a multibyte transfer back to 
the processor. Because of this multibyte interchange of 
information between the |jlPD765A/|jlPD7265 and the 
processor, it is convenient to consider each command 
as consisting of three phases: 

Command The FDC receives all information 

Phase: required to perform a particular opera- 

tion from the processor. 

Execution The FDC performs the operation it was 

Phase. instructed to do. 

Result Phase. After completion of the operation, status 
and other housekeeping information are 
made available to the processor 
Following are shown the required preset parameters and 
results for each command. Most commands require 9 com- 
mand bytes and return 7 bytes during the result phase The 
"W" to the left of each byte indicates a command phase 
byte to be written, and an "R" indicates a result byte 
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Instruction Set (D 






Data Bus 






Phase R/W Dy D. D5 D4 D3 D2 D^ 


Do 


Remarks 


Read Data 



w 
w 
w 
w 
w 
w 
w 
w 



MT MF SK 1 1 Command Codes 
X X X X X HD USi USo ® 

* C * Sector tD information prior 

> to command execution. The 

» 4 bytes are commanded 

* against header on Floppy 

» Dislc. 



R — 
N — 

EOT 

GPL 

DTL 



Data transfer between the 
FDD and main system 



STO 
ST1 
ST 2 

- C — 

- H — 
_ R __ 

- N — 



- Status information after 
' command execution 



> Sector ID information after 



' command execution 



Read Deleted Data 



MT MF SK 
XXX 



- R — 

— N — 
EOT 
GPL 
DTL 



1 Command Codes 
HD USi USo 

» Sector ID information prior 

» to command execution. The 

♦ 4 bytes are commanded 

» against header on Floppy 



Data transfer between the 
FDD and mam system 



STO 
ST1 
ST 2 



> Status information after 

> command execution 



> Sector ID information after 
- command execution 



Write Data 



Command W 



MT MF 
XXX 



10 1 Command Codes 
X X HD USi USo 

— C » Sector ID information prior 

— H » to command execution. The 

R » 4 bytes are commanded 

— N 

EOT 

GPL 

DTL 



> against header on Floppy 
- Disl(. 



Data transfer between the 
mam system and FDD 



STO 

ST1 

ST 2 

- C — 



' Status information after 
' command execution 



' Sector ID information after 
" command execution 



Notes: ® Symbols used in this table are described at the end of this section 
(D Aq should equal binary 1 for all operations 
(D X = Don't care, usually made to equal binary 



Instruction Set 



Phase R/W D7 



Write Deleted Data 



Command W MT MF 



W 
W 



- R - 

— N — 
EOT 
GPL 
DTL 



1 Command Codes 
HD USi USo 

> Sector ID information prior 

> to command execution. The 

* 4 bytes are commanded 

» against header on Floppy 



Data transfer between the 
FDD and mam system 



STO 

ST1 

ST 2 

— C — 



- Status information after 
> command execution 



• Sector ID information after 
>■ command execution 



Read A Track 



MF SK 
XXX 



W 
W 



X HD US, USo 



Command Codes 



' Sector ID information prior 
> to command execution 



EOT 
GPL 
DTL 



Data transfer between the 
FDD and mam system FDC 
reads all data fields from 
index hole to EOT. 



STO 
ST1 
ST 2 

- C — 

- H — 



' Status information after 
• command execution 



>' Sector ID information after 
> command execution 





R 


< 







— N > 


Read ID 


command 


W 
W 



X 


MF 
X 



X 


10 10 Command Codes 
X X HD US, USo 


Execution 










The first correct ID 
information on the cylinder 
IS stored in Data Register. 



STO 

ST1 

ST 2 

— C — 



> Status information after 

> command execution 



> Sector ID information read 

>^ during Execution phase from 

> Floppy Disk. 



Format A Track 



1 Command Codes 



X X HD USi USo 



SC 

GPL 

- D — 



- Bytes/Sector 

• Sectors/Tracit 

- Gap 3 
Filler byte 



FDC formats an entire track. 



STO 

ST1 

ST 2 

- C — 



> Status information after 

> command execution 



- In this case, the ID 

■ information has no meaning. 



Scan Equal 



Command W MT MF SK 



10 1 Command Codes 
( X HD USi USo 

- C » Sector ID information prior 

- H - — — » to command execution 



EOT 
GPL 
STP 



STO 
ST1 
ST2 



Data compared between the 
FDD and mam system 
- Status information after 

> command execution 

' Sector ID information after 

> command execution 



6-6 



^PD765A/7265 



Instruction Set (Cont.) 



Command Symbol Description 



Phase R/W P7 Pe D5 P4 Pg Pa Dj Dp 



Scan Low or Equal 



Command W 



MT MF SK 1 1 1 
X X X X X HD USi USo 

< C > 

* H * 

< R > 



Command Codes 



Sector ID information prior to 
command execution 



- N — 
EOT 
GPL 
STP 



Data compared between ttie 
FDD and main system 



STO 
ST1 
ST2 

- C — 

- H — 

- R — 

- N — 



> Status information after 

> command execution 



Symbol 


Name 


Pescriptlon 


Ao 


Address Line 


(Ao = 0) or Data Register (Aq = 1) 


C 




C stands for the current/seiected cylinder (track) 


D 


Data 


D stands for the data pattern which is going to be 
written into a sector. 


D7-D0 


Data Bus 


8-bit Data Bus, where D, stands for a most 
significant bit, and Dn stands for a least 
significant bit. 


DTL 


Data Lengtii 


When N is defined as 00, DTL stands for the data 
length which users are going to read out or write into 
the sector. 


EOT 


EndofTracic 


EOT stands for the final sector number on a cylinder. 
During Read or Write operations, FDC will stop data 
transfer after a sector number equal to EOT. 



GPL Gap Length 



* Sector ID information after 

* command execution 



Scan High or Equal 



IMT MF SK 1 



1 Command Codes 



X HD USi USo 



> Sector ID information prior to 
* command execution 



EOT 
GPL 
STP 



Data compared between the 
FDD and mam system 



STO 

ST1 

ST2 

- C — 



• Status information after 

* command execution 



• Sector ID information after 
> command execution 





R 
R 


^ 





R 

N 


> 




Recalibrate 


Command 


W 
W 



X 



X 


11 
X X X US^ 


1 
USo 


Command Codes 


Execution 












Head retracted to Track 


Sense Interrupt Status 


Command 


W 








10 





Command Codes 


Result 


R 
R 








— > 


Status information about 
the FDC at the end of seek 
operation 


< — 


— 


PCN 


Specify 


Command 


W 
W 
W 








1 


1 

UT-^ 
ND 


Command Codes 






HLT . 




Sense Prive Status 


Command 


W 
W 



X 



X 


10 
X X X HD USi 



USo 


Command Codes 


Result 


R 


* — 




ST 3 




Status information about 
FDD 






Seek 


Command 


W 
W 
W 



X 



X 


111 

X X X HD USi 

NCN 


1 
USo 


Command Codes 


Execution 












Head is positioned over 
proper cylinder on diskette. 


Invalid 


Command 


W 










Invalid Command Codes 
(NoOp — FDC goes into 
Standby state.) 










Result 


R 










STO = 80(16) 











STO 
ST1 
ST2 
ST3 



GPL stands for the length of Gap 3. During 
Read/Write commands this value determines the 
number of bytes that VCOs will stay low after two 
CRC bytes. During Format command it determines 
the size of Gap 3. 



H 


Head Address 


H stands for head number or 1 , as specified in 
ID field. 


HD 


Head 


HD stands for a selected head number or 1 and 
controls the polarity of pin 27. (H = HD In all 
command words.) 


HLT 


Head Load Time 


HLT stands for the head load time in the FDD (2 to 
254 ms in 2 ms increments). 


HUT 


Head Unload Time 


HUT stands for the head unload time after a Read 
or Write operation has occurred (16 to 240 ms in 
16 ms increments). 


MF 


FMorMFM 
Mode 


If MF is low, FM mode is selected, and if it is high, 
MFM mode Is selected. 


MT 


Multitrack 


MT = 1 after finishing Read/Write operation on side 
0, FDC will automatically start searching for sector 1 
on side 1. 


N 


Number 


N stands for the Number of data bytes written 
in a sector. 


NCN 


New Cylinder 
Number 


NCN stands for a New Cylinder Number which is 
going to be reached as a result of the Seek operation. 
Desired position of head. 


ND 


Non-DMA Mode 


ND stands for operation in the Non-DMA mode. 


PCN 


Kreseni uyiinaer 
Number 


PCN stands for the cylinder number at the 
completion of Sense Interrupt Status command. 
Position of Head at present time. 


R 


Record 


R stands for the sector number which will be read 
or written. 


RW 


Read/Write 


R/W stands for either Read (R) or Write (W) signal. 


SC 


Sector 


SC indicates the number of Sectors per Cylinder. 


SK 


Skip 


SK stands for Skip Deleted Data Address mark. 


SRT 


Step Rate Time 


SRT stands for the Stepping Rate for the FDD (1 to 16 
ms in 1 ms inctements). Stepping Rate applies to all 
drives (F = 1 ms, E = 2 ms, etc.). 



Status 
Status 1 
Status 2 



USO, USI Unit Select 



ST 0-3 stands for one of four registers which store 
the status information after a command has been 
executed. This information is available during the 
result phase after command execution. These 
registers should not be confused with the main 
status register (selected by Ao = 0). ST 0-3 may be 
read only after a command has been executed and 
contains information relevant to that particular 
command. 




During a Scan operation, if STP = 1, the data in 
contiguous sectors is compared byte by byte with 
data sent from the processor (or DMA); and if STP = 
2, then alternate sectors are read and compared. 



US stands for a selected drive number or 1 . 
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System Configuration 



8080 System Bus 



TV 



TV 



Sz. 



DBo-7 
MEMR 
lOR 
MEMW 

low 

CS 

HRQ 

HLDA 



l^PD8257 

DMA 
Controller 



Iz 



DBo-7 

RD 

WR 

CS 

INT 

RESET 



fjLPD7265A 
FDC 



Read 

Data 

Window 



c 



Drive 
Interface 



Processor Interface 

During Command or Result phases the Mam Status Regis- 
ter (described earlier) must be read by the processor before 
each byte of information is written into or read from the Data 
Register. After each byte of data read or written to the Data 
Register, CPU should wait for 12|jls before reading Mam 
Status Register. Bits D6 and 07 in the Main Status Register 
must be in a and 1 state, respectively, before each byte 
of the command word may be written into the |jlPD765A/ 
|jlPD7265. Many of the commands require multiple bytes 
and, as a result, the Main Status Register must be read 
prior to each byte transfer to the |jlPD765A/|jlPD7265. On 
the other hand, during the Result phase, D6 and D7 in the 
Main Status Register must both be 1's (D6 = 1 and D7 = 1) 
before reading each byte from the Data Register. Note that 
this reading of the Main Status Register before each byte 
transfer to the |ulPD765A/|jlPD7265 is required only in the 
Command and Result phases, and /?of dunng the Execu- 
tion phase. 

During the Execution phase, the Main Status Register need 
not be read. If the |jlPD765A/|jlPD7265 is in the non-DMA 
mode, then the receipt of each data byte (if fjLPD765A/ 
|jlPD7265 is reading data from FDD) is indicated by an 
Interrupt signal on pin 18 (INT = 1). The generation of a 
Read signal (RD = 0) or Wnte signal (WR = 0) will clear 
the Interrupt as well as output the data onto the data bus. If 
the processor cannot handle Interrupts fast enough (every 
13 |JLS for the MFM mode and 27 |jls for the FM mode), then 
it may poll the Mam Status Register and bit D7 (ROM) 
functions as the Interrupt signal. If a Write command is in 
process then the WR signal negates the reset to the Inter- 
rupt signal. 

Note that in the non-DMA mode it is necessary to examine 
the Main Status Register to determine the cause of the 
interrupt, since it could be a data interrupt or a command 
termination interrupt, either normal or abnormal. 
If the |xPD765A/|jlPD7265 is in the DMA mode, no Inter- 
rupts are generated during the Execution phase. The 
|jlPD765A/|xPD7265 generates DRQs (DMA Requests) 
when each byte of data is available. The DMA Controller 



responds to this request with both aDACK = (DMA 
Acknowledge) and an RD = (Rea d signa l). When the 
DMA Acknowledge signal goes low (DACK = 0), then the 
DMA Request is cleare d (D RQ = 0). If a Wnte command 
has been issued then a WR signal will appear instead of 
RD. After the Execution phase has been completed (Termi- 
nal Count has occurred) or the EOT sector read/written, 
then an Interrupt will occur (INT = 1). This signifies the 
beginning of the Result phase. When the first byte of data is 
read dunng the Result phase, the Interrupt is automatically 

cleared (INT -- 0). 

The RD orWR signals should be asserted while DACK is 
true. The CS signal is used in conjunction with RD and WR 
as a gating function during programmed I/O operations. CS 
has no effect dunng D MA operations. If the non-DMA mode 
is chosen, the DACK signal should be pulled up to Vqc- 
It IS important to note that dunng the Result phase all 
bytes shown in the Command Table must be read. The 
Read Data command, for example, has seven bytes of data 
in the Result phase. All seven bytes must be read in order 
to successfully complete the Read Data command. The 
|xPD765A/|jlPD7265 will not accept a new command until 
all seven bytes have been read. Other commands may 
require fewer bytes to be read dunng the Result phase. 
The |jlPD765A/|ulPD7265 contains five Status Registers. 
The Mam Status Register mentioned above may be read 
by the processor at any time. The other four Status Regis- 
ters (STO, ST1 , ST2, and ST3) are available only dunng 
the Result phase and may be read only after completing 
a command. The particular command that has been 
executed determines how many of the Status Registers 
will be read. 

The bytes of data which are sent to the fxPD765A/ 
|ulPD7265 to form the Command phase and are read out 
of the |jLPD765A/fxPD7265 in the Result phase must 
occur in the order shown in the Command Table. That 
IS, the Command Code must be sent first and the other 
bytes sent in the prescribed sequence. No foreshortening 
of the Command or Result phases is allowed. After the last 
byte of data in the Command phase is sent to the |jlPD765A/ 
|ulPD7265, the Execution phase automatically starts. In a 
similar fashion, when the last byte of data is read out in the 
Result phase, the command is automatically ended and the 
|jlPD765A/|jlPD7265 is ready for a new command. 

Polling Feature of the |jiPD765A/^PD7265 

After Reset has been sent to the |jlPD765A/|jlPD7265, the 
Unit Select lines USq and US-, will automatically go into a 
polling mode. In between commands (and between step 
pulses in the Seek command) the fxPD765A/|jLPD7265 
polls all four FDDs looking for a change in the Ready line 
from any of the dnves. If the Ready line changes state 
(usually due to a door opening or closing), then the 
|jlPD765A/|jlPD7265 will generate an interrupt. When Sta- 
tus Register (STO) is read (after Sense Interrupt Status is 
issued), Not Ready (NR) will be indicated. The polling of the 
Ready line by the |xPD765A/|jlPD7265 occurs continuously 
between commands, thus notifying the processor which 
drives are on or off line. Each drive is polled every 1.024 ms 
except dunng the Read/Wnte commands. When used with 
a 4 MHz clock for interfacing to mmifloppies, the polling rate 
IS 2.048 ms. 
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- Approx 1.0 msec- 



figure 1. (polling feature) 

Read Data 

A set of nine (9) byte words are required to place the FDC 
into the Read Data Mode. After the Read Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify Command), and begins reading 
ID Address Marks and ID fields. When the current sector 
number ("R") stored in the ID Register (IDR) compares 
with the sector number read off the diskette, then the FDC 
outputs data (from the data field) byte-to-byte to the mam 
system via the data bus. 

After completion of the read operation from the current 
sector, the Sector Number is incremented by one, and the 
data from the next sector is read and output on the data 
bus. This continuous read function is called a "Multi- 
Sector Read Operation'.' The Read Data Command may 
be terminated by the receipt of a Terminal Cou nt sign al. 
TC should be issued at the same time that the DACK for 
the last byte of data is sent. Upon receipt of this signal, 
the FDC stops outputting data to the processor, but will 
continue to read data from the current sector, check 
CRC (Cyclic Redundancy Count) bytes, and then at the 
end of the sector terminate the Read Data Command. 
The amount of data which can be handled with a single 
command to the FDC depends upon MT (multitrack), MF 
(MFM/FM), and N (Number of Bytes/Sector). Table 1 below 
shows the Transfer Capacity. 



Transfer Capacity 








Multi- MFM/ 

Track FM 

MT MF 


Bytes/ 

Sector 

N 


Maximum Transfer Capacity 

(Bytes/Sector) 

(Number of Sectors) 


Final Sector 
Read from 
Diskettes 



1 


00 
01 


(128) (26) = 
(256) (26) - 


3,328 
6,656 


26 at Side 
or 26 at Side 1 


1 


00 
01 


(128) (52) = 
(256) (52) = 


6,656 
13,312 


26 at Side 1 



. 1 


01 
02 


(256) (15) = 
(512) (15) - 


3,840 
7,680 


15 at Side 
or 15 at Side 1 


1 


01 
02 


(256) (30) = 
(512) (30) = 


7,680 
15,360 


15 at Side 1 



1 


02 
03 


(512) (8) = 
(1024) (8) = 


4,096 
8,192 


8 at Side 
or 8 at Side 1 


1 


02 
03 


(512) (16) = 
(1024) (16) = 


8,192 
16,384 


8 at Side 1 



The "multi-track" function (MT) allows the FDC to read 
data from both sides of the diskette. For a particular cylin- 
der, data Will be transferred starting at Sector 1 , Side and 
completing at Sector L, Side 1 (Sector L = last sector on 
the side). Note, this function pertains to only one cylinder 
(the same track) on each side of the diskette. 
When N = 0, then DTL defines the data length which 
the FDC must treat as a sector. If DTL is smaller than the 
actual data length in a Sector, the data beyond DTL in the 
Sector, IS not sent to the Data Bus. The FDC reads (inter- 
nally) the complete Sector performing the CRC check, and 



depending upon the manner of command termination, may 
perform a Multi-Sector Read Operation. When N is non- 
zero, then DTL has no meaning and should be set to 
FF Hexidecimal. 

At the completion of the Read Data Command, the head 
is not unloaded until after Head Unload Time Interval 
(specified in the Specify Command) has elapsed. If the 
processor issues another command before the head 
unloads then the head settling time may be saved between 
subsequent reads. This time out is particularly valuable 
when a diskette is copied from one drive to another. 
If the FDC detects the Index Hole twice without finding 
the nght sector, (indicated in "R"), then the FDC sets the 
ND (No Data) flag in Status Register 1 to a 1 (high), and 
terminates the Read Data Command. (Status Register 
also has bits 7 and 6 set to and 1 respectively.) 
After reading the ID and Data Fields in each sector, the 
FDC checks the CRC bytes. If a read error is detected 
(incorrect CRC in ID field), the FDC sets the DE (Data 
Error) flag in Status Register 1 to a 1 (high), and if a CRC 
error occurs in the Data Field the FDC also sets the DD 
(Data Error in Data Field) flag in Status Register 2 to a 1 
(high), and terminates the Read Data Command. (Status 
Register also has bits 7 and 6 set to and 1 respectively ) 
If the FDC reads a Deleted Data Address Mark off the 
diskette, and the SK bit (bit D5 in the first Command Word) 
IS not set (SK = 0), then the FDC sets the CM (Control 
Mark) flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command, after reading all the data in the 
Sector If SK = 1 , the FDC skips the sector with the Deleted 
Data Address Mark and reads the next sector. The CRC 
bits in the deleted data field are not checked when SK = 1 
During disk data transfers between the FDC and the pro- 
cessor, via the data bus, the FDC must be serviced by the 
processor every 27 \xs in the FM Mode, and every 13 |jls in 
the MFM Mode, or the FDC sets the OR (Overrun) flag in 
Status Register 1 to a 1 (high), and terminates the Read 
Data Command. 

If the processor terminates a read (or write) operation 
in the FDC, then the ID information in the Result Phase 
IS dependent upon the state of the MT bit and EOT byte. 
Table 2 shows the values for C, H, R, and N, when the 
processor terminates the Command. 

Functional Description of Commands 






HD 


Final Sector Transferred to 




MT 


C 


H 


R 


N 







Less than EOT 


NC 


NC 


R + 1 


NC 








Equal to EOT 


C + 1 


NC 


R = 01 


NC 




1 


Less than EOT 


NC 


NC 


R + 1 


NC 




1 


Equal to EOT 


C + 1 


NC 


R = 01 


NC 







Less than EOT 


NC 


NC 


R + 1 


NC 


1 





Equal to EOT 


NC 


LSB 


R = 01 


NC 




1 


Less than EOT 


NC 


NC 


R + 1 


NC 




1 


Equal to EOT 


C + 1 


LSB 


R = 01 


NC 



Notes: NC (No Change) The same value as the one at the beginning of command execution 
LSB (Least Significant Bit) The least significant bit of H is complemented 

Write Data 

A set of nine (9) bytes is required to set the FDC into the 
Write Data mode. After the Write Data command has been 
issued the FDC loads the head (if it is in the unloaded 
state), waits the specified head settling time (defined in the 
Specify command), and begins reading ID fields. When all 
four bytes loaded during the command (C, H, R, N) match 
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the four bytes of the ID field from the diskette, the FDC 
takes data from the processor byte-by-byte via the data bus 
and outputs it to the FDD. 

After writing data into the current sector, the sector number 
stored in "R" is incremented by one, and the next data field 
IS wntten into. The FDC continues this "Multisector Wnte 
Operation" until the issuance of a Terminal Count signal. 
If a Terminal Count signal is sent to the FDC it continues 
wnting into the current sector to complete the data field. If 
the Terminal Count signal is received while a data field is 
being written then the remainder of the data field is filled 
with zeros. 

The FDC reads the ID field of each sector and checks the 
CRC bytes. If the FDC detects a read error (CRC error) 
in one of the ID fields, it sets the DE (Data Error) flag of 
Status Register 1 to a 1 (high) and terminates the Wnte 
Data command. (Status Register also has bits 7 and 6 
set to and 1 respectively) 

The Wnte command operates in much the same manner as 
the Read command. The following items are the same, and 
one should refer to the Read Data command for details: 

• Transfer Capacity 

• EN (End of Cylinder) Flag 

• ND (No Data) Flag 

• Head Unload Time Interval 

• ID Information when the processor terminates command 

• Definition of DTL when N = and when N ^ 

In the Write Data mode, data transfers between the pro- 
cessor and FDC, via the data bus, must occur every 27 jjls 
in the FM mode and every 1 3 juls in the MFM mode. If the 
time interval between data transfers is longer than this, 
then the FDC sets the OR (Overrun) flag in Status Reg- 
ister 1 to a 1 (high) and terminates the Write Data com- 
mand. (Status Register also has bits 7 and 6 set to and 
1 respectively) 

Write Deleted Data 

This command is the same as the Wnte Data com- 
mand except a Deleted Data Address mark is written at 
the beginning of the data field instead of the normal Data 
Address mark. 

Read Deleted Data 

This command is the same as the Read Data command 
except that when the FDC detects a Data Address mark 
at the beginning of a data field (and SK = (low)), it will 
read all the data in the sector and set the CM flag in Status 
Register 2 to a 1 (high), and then terminate the command. 
If SK = 1, then the FDC skips the sector with the Data 
Address mark and reads the next sector. 
Read A Track 

This command is similar to the Read Data command 
except that this is a continuous Read operation where the 
entire data field from each of the sectors is read. Immedi- 
ately after sensing the index hole, the FDC starts reading 
all data fields on the track as continuous blocks of data. If 
the FDC finds an error in the ID or Data CRC check bytes, it 
continues to read data from the track. The FDC compares 
the ID information read from each sector with the value 
stored in the IDR and sets the ND flag of Status Register 1 
to a 1 (high) if there is no companson. Multitrack or skip 
operations are not allowed with this command. 
This command terminates when the number of sectors 
read is equal to EOT. If the FDC does not find an ID 



Address mark on the diskette after it senses the index 
hole for the second time, it sets the MA (Missing Address 
mark) flag in Status Register 1 to a 1 (high) and terminates 
the command. (Status Register has bits 7 and 6 set to 
and 1 respectively) 

Read ID 

The Read ID command is used to give the present position 
of the recording head. The FDC stores the values from the 
first ID field it is able to read If no proper ID Address mark 
IS found on the diskette before the index hole is encoun- 
tered for the second time, then the MA (Missing Address 
mark) flag in Status Register 1 is set to a 1 (high), and if 
no data is found then the ND (No Data) flag is also set in 
Status Register 1 to a 1 (high). The command is then termi- 
nated with bits 7 and 6 in Status Register set to and 1 
respectively During this command there is no data transfer 
between FDC and the CPU except during the result phase. 

Format A Track 

The Format command allows an entire track to be format- 
ted. After the index hole is detected, data is written on the 
diskette; Gaps, Address marks, ID fields and data fields, 
all per the IBM System 34 (Double Density) or System 
3740 (Single Density) format are recorded. The particular 
format which wHI be written is controlled by the values pro- 
grammed into N (Number of bytes/sector), SC (Sectors/ 
Cylinder), GPL (Gap Length), and D (Data pattern) which 
are supplied by the processor during the Command phase. 
The data field is filled with the byte of data stored in D. The 
ID field for each sector is supplied by the processor; that is, 
four data requests per sector are made by the FDC for C 
(Cylinder number), H (Head number), R (Sector number) 
and N (Number of bytes/sector). This allows the diskette to 
be formatted with nonsequential sector numbers, if desired. 
The processor must send new values for C, H, R, and 
N to the |jlPD765A/|jlPD7265 for each sector on the track 
if FDC IS set for the DMA mode, it will issue four DMA 
requests per sector. If it is set for the Interrupt mode, it will 
issue four interrupts per sector and the processor must 
supply C, H, R, and N loads for each sector. The contents 
of the R register are incremented by 1 after each sector is 
formatted; thus, the R register contains a value of R when 
It IS read during the Result phase. This incrementing and 
formatting continues for the whole track until the FDC 
detects the index hole for the second time, whereupon it 
terminates the command. 

If a Fault signal is received from the FDD at the end of a 
Write operation, then the FDC sets the EC flag of Status 
Register to a 1 (high) and terminates the command after 
setting bits 7 and 6 of Status Register to and 1 respec- 
tively. Also the loss of a Ready signal at the beginning of 
a command execution phase causes bits 7 and 6 of Status 
Register to be set to and 1 respectively. 
Table 1 shows the relationship between N, SC, and GPL 
for various sector sizes. 
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Functional Description of Commands (Cont.) 



Format 


Sector Size 


N 


SC 


GPL® 


GPL®® 


8' Standard Floppy 




128 bytes/sector 


00 


1A 


07 


IB 




256 


01 


OF 


OE 


2A 


FM Mode 


512 


02 


08 


IB 


3A 


1024 


03 


04 


47 


8A 




2048 


04 


02 


C8 


FF 




4096 


05 


01 


C8 


FF 




256 


01 


1A 


OE 


36 




512 


02 


OF 


IB 


54 


MFM 


1024 


03 


08 


35 


74 


Mode® 


2048 


04 


04 


99 


FF 




4096 


05 


02 


C8 


FF 




8192 


06 


01 


C8 


FF 


51/4 Minifloppy 




128 bytes/sector 


00 


12 


07 


09 




128 


00 


10 


10 


19 


FM Mode 


256 


01 


08 


18 


30 


512 


02 


04 


46 


87 




1024 


03 


02 


C8 


FF 




2048 


04 


01 


C8 


FF 




256 


01 


12 


OA 


OC 




256 


01 


10 


20 


32 


MFM 


512 


02 


08 


2A 


50 


Mode® 


1024 


03 


04 


80 


FO 




2048 


04 


02 


C8 


FF 




4096 


05 


01 


C8 


FF 


3Vi" Sony Microfloppy 









OF 


07 


IB 


FM Mode 


256 


1 


09 


OE 


2A 




512 


2 


05 


IB 


3A 




256 


1 


OF 


OE 


36 


Mode® 


512 


2 


09 


IB 


54 




1024 


3 


05 


35 


74 



Table 1 

Notes: ® Suggested values of GPL in Read or Write commands to avoid splice point between 

data field and ID field of contiguous sections 
® Suggested values of GPL in format command 
@ All values except sector size are hexidecimal 
® In MFM mode FDC cannot perform a Read/Write/format operation with 128 bytes/ 

sector (N = 00) 



Scan Commands 

The Scan commands allow data which is being read from 
the diskette to be compared against data which is being 
supplied from the mam system. The FDC compares the 
data on a byte-by-byte basis and looks for a sector of data 



which meets the conditions of Dp 



D, 



Processor 



, orD, 



FDD - 



Dp 
. The hexidecimal byte 



of FF either from memory or from FDD can be used as a 
mask byte because it always meets the condition of the 
comparison. One's complement anthmetic is used for com- 
parison (FF = largest number, 00 = smallest number). 
After a whole sector of data is compared, if the conditions 
are not met, the sector number is incremented (R + STP -^ 
R), and the scan operation is continued. The scan opera- 
tion continues until one of the following conditions occur: 
the conditions for scan are met (equal, low, or high), the last 
sector on the track is reached (EOT), or the terminal count 
signal is received. 

If the conditions for scan are met, then the FDC sets the 
SH (Scan Hit) flag of Status Register 2 to a 1 (high) and 
terminates the Scan command. If the conditions for scan 
are not met between the starting sector (as specified by R) 
and the last sector on the cylinder (EOT), then the FDC 
sets the SN (Scan Not Satisfied) flag of Status Register 2 to 
a 1 (high) and terminates the Scan command. The receipt 
of a Terminal Count signal from the processor or DMA con- 
troller during the scan operation will cause the FDC to 
complete the comparison of the particular byte which is in 
process and then to terminate the command. Table 2 



shows the status of bits SH and SN under various condi- 
tions of Scan. 

Status Register 2 



Scan Equal 



Scan Low 
or Equal 



Scan High 
or Equal 








DpDD = Dprocessor 


1 




Dfdd * Dp,o,e,3o, 














Dfdd < Dprocessor 


1 




Dfdd > Dprocessor 







Dfdd = Dp,oces8or 







Dfdd > Dprocessor 



Table 2 

If the FDC encounters a Deleted Data Address mark on 
one of the sectors (and SK = 0), then it regards the sector 
as the last sector on the cylinder, sets the CM (Control 
Mark) flag of Status Register 2 to a 1 (high) and terminates 
the command. If SK = 1 , the FDC skips the sector with the 
Deleted Address mark and reads the next sector. In the 
second case (SK = 1), the FDC sets the CM (Control Mark) 
flag of Status Register 2 to a 1 (high) in order to show tnat a 
Deleted sector had been encountered. 
When either the STP (contiguous sectors = 01 , or alter- 
nate sectors = 02) sectors are read or the MT (Multitrack) 
is programmed, it is necessary to remember that the last 
sector on the track must be read. For example, if STP = 
02, MT = 0, the sectors are numbered sequentially 1 
through 26 and the Scan command is started at sector 21 , 
the following will happen: Sectors 21, 23, and 25 will be 
read, then the next sector (26) will be skipped and the index 
hole will be encountered before the EOT value of 26 can 
be read. This will result in an abnormal termination of the 
command. If the EOT had been set at 25 or the scanning 
started at sector 20, then the Scan command would be 
completed in a normal manner. 

During the Scan command, data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having the OR 
(Overrun) flag set in Status Register 1 , it is necessary to 
have the data available in less than 27 |jls (FM mode) or 13 
|jls (MFM mode). If an Overrun occurs, the FDC ends the 
command with bits 7 and 6 of Status Register set to 
and 1 , respectively. 

Seek 

The Read/Write head within the FDD is moved from cylin- 
der to cylinder under control of the Seek command. FDC 
has four independent Present Cylinder Registers for each 
drive. They are cleared only after the Recalibrate com- 
mand. The FDC compares the PCN (Present Cylinder 
Number) which is the current head position with the NCN 
(New Cylinder Number), and if there is a difference, per- 
forms the following operations: 
PCN < NCN: Direction signal to FDD set to a 1 (high), and 

Step Pulses are issued. (Step In) 
PCN > NCN: Direction signal to FDD set to a (low), and 

Step Pulses are issued. (Step Out) 
The rate at which Step pulses are issued is controlled by 
SRT (Stepping Rate Time) in the Specify command. After 
each Step pulse is issued NCN is compared against PCN, 
and when NCN = PCN, the SE (Seek End) flag is set in 
Status Register to a 1 (high), and the command is termi- 
nated. At this point FDC interrupt goes high. Bits D0B-D3B 
in the Main Status Register are set during the Seek opera- 
tion and are cleared by the Sense Interrupt Status 
command. 
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During the command phase of the Seek operation the 
FDC is in the FDC Busy state, but during the execution 
phase it is in the Nonbusy state. While the FDC is in the 
Nonbusy state, another Seek command may be issued, 
and in this manner parallel Seek operations may be done 
on up to four drives at once. No other command can be 
issued for as long as the FDC is in the process of sending 
step pulses to any drive. 

If an FDD is in a Not Ready state at the beginning of the 
command execution phase or during the Seek operation, 
then the NR (Not Ready) flag is set in Status Register to a 
1 (high), and the command is terminated after bits 7 and 6 
of Status Register are set to and 1 respectively 
If the time to write three bytes of Seek command exceeds 
150|xs, the timing between the first two step pulses may 
be shorter than set in the Specify command by as much 
as 1ms. 
Recalibrate 

The function of this command is to retract the Read/Write 
head within the FDD to the Track position. The FDC 
clears the contents of the PCN counter and checks the 
status of the Track signal from the FDD. As long as the 
Track signal is low, the Direction signal remains (low) 
and step pulses are issued. When the Track signal goes 
high, the SE (Seek End) flag in Status Register is set to 
a 1 (high) and the command is terminated. If the Track 
signal is still low after 11 step pulses have been issued, the 
FDC sets the SE (Seek End) and EC (Equipment Check) 
flags of Status Register to both 1s (highs) and terminates 
the command after bits 7 and 6 of Status Register are set 
to and 1 respectively. 

The ability to do overlap Recalibrate commands to multiple 
FDDs and the loss of the Ready signal, as described in the 
Seek command, also applies to the Recalibrate command. 
If the Diskette has more than 11 tracks, then Recalibrate 
command should be issued twice, in order to position the 
Read/Write head to the Track 0. 



b. 
c. 
d. 
e. 
f. 

g- 

h. 



Sense Interrupt Status 

An Interrupt signal is generated by the FDC for one of the 
following reasons: 

1 . Upon entering the Result phase of : 
a. Read Data command 

Read A Track command 
Read ID command 
Read Deleted Data command 
Write Data command 
Format A Cylinder command 
Write Deleted Data command 
Scan commands 

2. Ready Line of FDD changes state 

3. End of Seek or Recalibrate command 

4. During Execution phase in the non-DMA mode 
Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible by 
the processor. During an execution phase in non-DMA 
mode, DBS in the Main Status Register is high. Upon enter- 
ing the Result phase this bit gets cleared. Reasons 1 and 4 
do not require Sense Interrupt Status commands. The inter- 
rupt is cleared by Reading/Writing data to the FDC. Inter- 
rupts caused by reasons 2 and 3 above may be uniquely 
identified with the aid of the Sense Interrupt Status com- 
mand. This command when issued resets the Interrupt 
signal and via bits 5, 6, and 7 of Status Register identifies 
the cause of the interrupt. 



Seek End 


Interrupt Code 




Bits 


Bits 


Bit? 


Cause 





1 


1 




1 








Normal Termination of Seelt or Recalibrate 


1 


1 





Abnormal Termination of Seek or Recali- 
brate command 



lable 3 

The Sense Interrupt Status command is used in conjunc- 
tion with the Seek and Recalibrate commands which have 
no result phase. When the disk drive has reached the 
desired head position the |jLPD765A/fxPD7265 will set the 
Interrupt line true. The host CPU must then issue a Sense 
Interrupt Status command to determine the actual cause 
of the interrupt, which could be Seek End or a change in 
ready status from one of the dnves. A graphic example 
is shown: 



Seek, Recalibrate, and Sense Interrupt Status 



Seek (or Recalibrate) Command 

- Command Phase i>f- — Execution Phase - 



I — Sense Interrupt Status Command — ^i 
t- Command Phase * \- Result Phase —^| 



cs-TLrLTLfLrLnir 



i_n_r 



l_ru~uiir 



Ac^j-nunam 


UR 


ijR urn 

1 1 


Ro u U U 1 


u 


u u u u 


WR u u u 


u 




DIO u u u 
ROM n n n 


u 
n 


JL JL 

n n 



5=1 I 

«0 < 0) < |< 

■gocio -c{S sS 

§111 ill If 



Q.v> ^a 






CEQ. 
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Specify 

The Specify command sets the initial values for each of the 
three internal timers. The HUT (Head Unload Time) defines 
the time from the end of the execution phase of one of the 
Read/Write commands to the head unload state. This timer 
is programmable from 16 to 240ms in increments of 16ms 
(01 = 16ms, 02 - 32ms . . . OF^e - 240ms). The SRT 
(Step Rate Time) defines the time interval between adja- 
cent step pulses. This timer is programmable from 1 to 16 
ms in increments of 1 ms (F == 1ms, E = 2ms, D == 3ms, 
etc.). The HLT (Head Load Time) defines the time between 
when the Head Load signal goes high and the Read/Write 
operation starts. This timer is programmable from 2 to 254 
ms in increments of 2 ms (01 -= 2ms, 02 = 4ms, 03 = 
6ms . . . 7F = 254ms). 

The time intervals mentioned above are a direct function of 
the clock (CLK on pin 19). Times indicated above are for an 
8MHz clock; if the clock was reduced to 4MHz (minifloppy 
application) then all time intervals are increased by a factor 
of 2. 

The choice of a DMA or non-DMA operation is made by 
the ND (Non-DMA) bit. When this bit is high (ND = 1) the 
Non-DMA mode is selected, and when ND = the DMA 
mode IS selected. 



fxPD765A/7265 

Sense Drive Status 

This command may be used by the processor whenever it 
wishes to obtain the status of the FDDs. Status Register 3 
contains the Drive Status information stored internally in 
FDC registers. 
Invalid 

If an invalid command is sent to the FDC (a command not 
defined above), then the FDC will terminate the command 
after bits 7 and 6 of Status Register are set to 1 and 
respectively. No interrupt is generated by the jjlPD765A/ 
fxPD7265 dunng this condition. Bits 6 and 7 (DIG and 
RQM) in the Main Status Register are both high (1), indicat- 
ing to the processor that the fjLPD765A/HLPD7265 is in the 
Result phase and the contents of Status Register (STO) 
must be read. When the processor reads Status Register 
it will find an 80 hex, indicating an Invalid command 
was received. 

A Sense Interrupt Status command must be sent after 
a Seek or Recalibrate Interrupt, otherwise the FDC will 
consider the next command to be an Invalid command. 
In some applications the user may wish to use this com- 
mand as a No-Op command to place the FDC in a standby 
or No Operation state. 



^lPD765/l (FM Mode) 



GAP 4a 


SYNC 


lAM 


GAP1 


SYNC 


IDAM 


C 




S 


N 



C 


GAP 2 


SYNC 


DATA AM 


DATA 


C 


GAP 3 


GAP 4b 


40x 


6x 




26x 


6x 




Y 




E 


R 


11x 


6x 




® 


R 


® 




FF 


00 


FC 


FF 


00 


FE 


L 




C 


C 


FF 


00 


FB or F8 




C 







- Repeat N Times - 



^JLPD7265 (FM Mode) 



GAP1 


SYNC 


IDAM 


c 


H 
D 


S 


N 



c 


GAP 2 


SYNC 


DATA AM 


DATA 


C 


GAP 3 


GAP 4 


16x 


6x 




Y 


b 


R 


11x 


6x 


FB or F8 


® 


H 


® 




FF 


00 


FE 


L 


c 


C 


FF 


00 


- 




C 








- Repeat N Times - 



ix,PD765A (MFM Mode) 



GAP 4a 
80x 
4E 


SYNC 
12x 
00 


.AM 


GAP1 
50x 
4E 


SYNC 
12x 
00 


IDAM 


C 
Y 

L 


H 
D 


S 

E 
C 


N 



C 
R 

c 


GAP 2 
22x 

4E 


SYNC 
12x 
00 


DATA AM 


DATA 


C 
R 
C 


GAP 3 

® 


GAP 4b 


3x 
C2 


FC 


3x 
A1 


FE 


3x 
A1 


FB 
F8 



-Repeat N Times- 



\xPD7265 (MFM Mode) 



GAP1 
32x 

4E 


SYNC 
12x 
00 


IDAM 


c 

Y 
L 


H 
D 


S 

E 

c 


N 



c 

R 
C 


GAP 2 
22x 

4E 


SYNC 
12x 
00 


DATA AM 


DATA 

® 


C GAP 3 

R ® 
C 


GAP 4 


3x 
A1 


FE 


3x 
A1 


FB 
F8 



- Repeat N Times - 
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HPD765A 



GAP 4a 


lAM 


GAP1 


ID 


GAP 2 


DATA 


GAP 3 ID 


r 


GAP 4b 



Vco SYNC 



V 



y.PD7265 



GAP1 ID GAP 2 DATA GAP 3 ID GAP 2 



^t 



A r 



:\ r 



Write 



Notes: It is suggested that the user refer to the following application notes 

®,#8 — for an example of an actual interface as well as a theoretical data separator 
® ' #10 — for a well documented example of a working phase - locked loop 



Package Outlines 

For informatioii, see Package Outline Section 7. 



Plastic, |jlPD765AC/7265C 
Ceramic, |xPD765AD/7265D 
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SEC 



[XPD7201A 

MULTIPROTOCOL SERIAL 

COMMUNICATION CONTROLLER 



Description 

The |xPD7201 A is a dual-channel multifunction peripheral 
communication controller designed to satisfy a wide variety 
of serial data communication requirements in computer 
systems. Its basic function is a serial-to-parallel, parallel- 
to-serial converter/controller and within that role it is 
configurable by systems software so its "personality" 
can be optimized for a given serial data communica- 
tions application. 

The |jlPD7201A is capable of handling asynchronous and 
synchronous byte-oriented protocols such as IBM Bisync, 
and synchronous bit-oriented protocols such as HDLC and 
IBM SDLC. This versatile device can also be used to sup- 
port virtually any other serial protocol for applications other 
than data communications. 

The |xPD7201 A can generate and check CRC codes in any 
synchronous mode and can be programmed to check data 
integrity in various modes. The device also has facilities for 
modem controls in both channels. In applications where 
these controls are not needed the modem controls can be 
used for general-purpose I/O. 



Pin Configuration 

clkC 1 

RESETC 2 

DCDAC 3 

RxCBC 4 

DCDBC 5 

CTSBC 6 

TxCB[ 7 

TxDBC 8 

RxDBC 9 

RTSB/SYNCB C 10 

WAITB/DRQTxA C 11 

DyZ 12 

DeEl3 

D5C 14 

D4C 15 

D3C 16 

D^C 17 

D, C 18 

D0C19 

VssC20 



40 U Vcc 



(JlPD 

7201 A 



DCTSA 
JRTSA 
HTxDA 
HTxCA 
:]RxCA 
;]RxDA 
DSYNCA 

2 WAITA/DRQRxA 
H DTRA/HAO 

3 PRO/DRQTxB 
2 PR[/DRQRxB 

Dint 
31NTA 
Ddtrb/hai 

DB/A 
DC/D 
DCS 

Urd 

DWR 



Features 

□ Two fully independent duplex serial channels 

n Four independent DMA channels for send/received data 

for both serial inputs/outputs 
n Programmable interrupt vectors and interrupt priorities 

□ Modem controls signals 

□ Variable software programmable data rate, up to 1.25M 
baud at 5MHz clock 

n Double buffered transmitter data and quadruply buff- 
ered received data 

□ Programmable CRC algorithm 

□ Selection of Interrupt, DMA or Polling mode of operation 

□ Asynchronous operation 

- Character length: 5, 6, 7, or 8 bits 
-Stop bits: 1,iy2, 2 
-Transmission speed: x1, x16, x32, or x64 

clock frequency 

- Parity: odd, even, or disable 

- Break generation and detection 

- interrupt on parity, overrun, or framing errors 

□ Monosync, bisync, and external sync operations 

- Software selectable sync characters 

- Automatic sync insertion 

- CRC generation and checking 
n HDLC and SDLC operations 

- Abort sequence generation and detection 

- Automatic zero insertion and detection 

- Address field recognition 

- CRC generation and checking 

- l-field residue handling 

□ N-channel MOS technology 

n Single + 5V power supply; interface to most micro- 
processors including 8080, 8085, 8086, and others. 

□ Single-phase TTL clock 

□ Available In plastic and ceramic dual-in-line packages 



Pin Identification 



Description 



System Clock 



A TTL-level system clock signal is 
applied to this mput Tlie system 
clock frequency must be at least 4.5 
times the data clock frequency 
applie d to any of the da ta clock mputs 
("RCA, TxGb, R5^C3f, or LRxCB). 



A low on this input (one complete CLK 
cycle minimum) initializes the MPSC^ 
to the following conditions- disables 
the receivers and transmitters; sets 
TxDA and TxDB to marking (high); 
and se t s the modem control outputs 
(DTRA, DTRB, RTSA, RTSB) high. 
Additionally, all interrupts are dis- 
abled and all interrupt and DMA 
requests are cleared. All control regis- 
ters must be rewritten after a reset 
and before a restart. (Active low) 




PCDA . 
DCDB 



Data Carrier Detect I 



Data carrier detect generally indicates 
the presence of valid serial data at 
RxD. The MPSC^ may be programmed 
so th at the receiver is enabled only 
when DCD is low, and also so that any 
change in state that lasts longer than 
the minimum specified pulse width 
caus es an interrupt and latches the 
DCD status bit to the new state. 
(Active low) 



RxCA. 
RxCB 



Receiver Clocks 



The receiver clock controls the sam- 
pling and shifting of serial data at 
RxD. The MPSC^ may be programmed 
so that the clock rate is 1x, 16x, 32x, or 
64x the data rate. RxD i s sam pled on 
the rising edge of RxC. RxC features a 
Schmitt-trigger input for relaxed rise 
and fall time requirements. (Active 
low) 



CTSA. 
CTSB 



Clear to send generally indicates that 
the receiving modem or peripheral is 
ready to receive data from the MPSC? 
The MPSC^ may be programmed so 
that t he tra nsmitter is en abled only 
when CTS is low. As with DCD, the 
MPSC^ may be programmed to cause 
an int errup t and latch the new state 
when CTS changes state for longer 
than the minimum specified pulse 
width. (Active low) 
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Pin Identification 



Symbol 



Description 



TxCA . 
TxCB 



Transmitter Clocks I 



The transmitter clock controls the rate 
at which data is shifted out at TxD. 
The MPSC2 may be programmed so 
that the clock rate is 1x, 16x, 32x, or 
64x the data ra te. Data ch anges on the 
falling edge of TxC. TxC features a 
Schmitt-trigger input for relaxed rise 
and fall time requirements. (Active 
low) 



TxDA, 
TxDB 



Transmit Data 



Serial data from the MPSC^ is output 
on these pins. (Marking high) 



RxDA, 
RxDB 



Serial data to the MPSC^ is input on 
these pins. (IMarking high) 



10,33 SYNCA, Synchronization I/O 
SYNCB (Sync) 



The function of the Sync pin depends 
on the IMPSC^ operating mode. In 
asynchronous mode, Sync is an input 
that the processor can read. It can be 
programmed to genera te an in terru pt 
in the same manner as DCD or CTS. 
In external sync mode, SYNC is also 
an input that notifies the MPSC^ that 
synchronization has been achieved. 
(See the timing waveforms for details). 
Once s ynchronization is achieved, 
SYNC should be held low until syn- 
chronization is lost or a new message 
is about to start. 

In internal synchronization modes 
(monosync, bisync, SDLC), SYNC is 
an output which is active wherever a 
Sync character match is made. There 
IS no qualifying logic associated with 
this functio n. Rega rdless of character 
boundaries, SYNC is active on any 
match. (Active low) 



10,38 RTSA , Request to Send 

RTSB 



When the MPSC^ is operate d in on e 
of th e syn chronous modes, RTSA 
and RTSB are general-purpose out- 
puts that may be set or reset with 
commands to th e MPS C^. In asyn- 
chronous mode, RTS is active 
immediately as soon as it is pro- 
grammed on. How ever, when pro- 
grammed off, RTS remains active 
until the transmitter is completely 
empty. This feature simplifies the pro- 
gramming required to perform modem 
control. (Active low) 



11,29, DRQTxA, DMA Request 
30, 32, DRQTxB, 

DRQRxA, 

ORQRxB 



When these lines are active, they indi- 
cate to a DMA controller that a 
transmitter or receiver is requesting a 
DMA data transfer. (Active high) 



11, 32 WAITA 
WAITB 



Wait 



These outputs synchronize the pro- 
cessor with the MPSC2 when block 
transfer mode is used. It may be pro- 
grammed to operate with either the 
receiver or trans mitte r, but not both 
simultaneously. WAIT is normally 
inactive. For example, if the processor 
tries to perform an inappropriate data 
transfer such as write to the transmit- 
ter when the transmitter buffer is full, 
the WAIT output for the channel is 

active until the MPSC^ is ready to 

accept the data. The CS, C/D, B/A, RD 
and WR inp uts must remain stable 
while WAIT is active. (Open drain) 



12-19 D0-D7 Data Bus 



The data bus lines are connected to 
the system data bus. Data or status 
from the MPSC2 is output on these 
lines when CS and RD are active; data 
or commands are latched into the 
MPSC2 on the rising edge of WR when 
CS IS active. (Three-state) 



20 Vgs Ground 



Ground. 



21 WR 



Write 



This input (with either CS during a 
read cycle or HAI during a DMA cycle) 
notifies the MPSC^ to write data or 
control information to the device. 
(Active low) 



22 RD Read 



This input (with either CS during a 
read cycle or HAI during a DMA cycle) 
notifies the MPSC^ to read data or sta- 
tus from the device. (Active low) 



23 CS Chip Select I 



Chip select allows the MPSC^ to trans- 
fer data or commands during a read or 
write cycle. (Active low) 



Pin Identification 







Pin 






No. 


Symbol 


Name 


I/O 


Description 


24 


C/D 




Control/Data 
Select 


1 


This input, with RD, WR, and B/A 
selects the data register (C/D = 0) or 
the_control and status registers 
(C/D = 1 ) for access over the data bus. 


25 


B/A 




Channel Select 


1 


A low selects channel A and a high 
selects channel B for access during a 
read or write cycle. 



26 HAI Hold Acknowledge I 

In 



This input notifies the MPSC^ that the 
host processor has acknowledged the 
DMA request and has placed itself in 
the hold state. The MPSC^ then per- 
forms a DMA cycle for the highest 
priority outstanding DMA request, if 
any. (Active low) 



26 , 31 DTRA . Data Terminal 

DTRB Ready 



The DTR pins are general-purpose 
outputs which may be set or reset 
with commands to the MPSC? (Active 
low) 



27* INTA Interrupt I 

Acknowledge 



The p rocessor generates two or three 
INTA pulses (depending on the pro- 
cessor type) to signal all peripheral 
devices that an interrupt acknowledge 
sequence is taking place. During the 
interrupt acknowledge sequence, the 
MPSC^, If so programmed, places 
information on the data bus to vector 
the processor to the appropriate inter- 
rupt service location. (Active low) 



28 INT Interrupt Request 



INT is pulled low when an internal 
interrupt request is accepted. (Active 
low, open drain) 



Interrupt Priority In I 



This input informs the MPSC^ that the 
highest priority device is r eque sting 
interrupt and is used with PRO to 
implement a priority resolution daisy 
chain when there is more than o ne 
interrupting device. The state of PRI 
and the programmed interrupt mode 
determine the MPSC^'s response to an 
interrupt acknowledge sequence. 
(Active low) 



Interrupt Priority 
Out 



This output is active when HAI is 
active and the MPSC^ is not request- 
ing interrupt (INT is inactive). The 
active state informs the next lower pri- 
ority device that there are no higher 
priority interrupt requests pending 
during an interrupt acknowledge 
sequence. (Active low) 



Hold Acknowledge 
Out 



This output, with HAI implements a 
priority daisyc hain for multi ple D MA 
devices. HAO is active when HAI is 
active and there are no DMA requests 
pending in the MPSC^. (Active low) 
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^PD7201A 

Programming the MPSC^ 

The software operation of the MPSC^ is very straightfor- 
ward. Its consistent register organization and high-level 
command structure help minimize the number of opera- 
tions required to implement complex protocol designs. 
Programming is further simplified by the MPSC^'s exten- 
sive interrupt and status reporting capabilities. This section 
is divided into two parts. 

The MPSC^ Regi^tei's 

The MPSC^ interfaces to the system software with a num- 
ber of control and status registers associated with each 
channel. Commonly used commands and status bits are 
accessed directly through control and status registers 0. 
Other functions are accessed indirectly with a register 
pointer to minimize the address space that must be dedi- 
cated to the MPSC2. 



Contro 


1 Register 


Control 
Register 


Function 





Frequently used commands and register pointer control 


1 Interrupt control 


2 


Processor/bus interface control 


3 


Receiver control 


4 


Mode control 


5 


Transmitter control 


6 


Sync/address character 


7 


Sync character 


Status 


Register 


status 
Register 


Function 





Buffer and "external/status" status 


1 Received character error and special condition status 


2 
(Channel 
Bonly) 


Interrupt vector 




3 


Tx byte count register, low byte 


4 


Tx byte count register, high byte 



All control and status registers except CR2 are sepa- 
rately maintained for each channel. Control and status 
registers 2 are linked with the overall operation of the 
MPSC^ and have different meanings when addressed 
through different channels. 

When Initializing the MPSC^ control register 2A (and 2B 
if desired) should be programmed first to establish the 
MPSC^ processor/bus interface mode. Each channel 
may then be programmed to be used separately begin- 
ning with control register 4 to set the protocol mode for 
that channel. The remaining registers may then be 
programmed in any order. 

Control Register 



Dy 


De 


D5 


D4 


D3 


D2 


Di 


0. 


CRC Control 
Command 


Command 


Register Pointer 



Register pointer (Dq - Dg) 

The register pointer specifies which register number is 
accessed at the next control register write or status register 
read. After a hardware or software reset the register pointer 
is set to zero. Therefore, the first control byte goes to con- 
trol register 0. When the register pointer is set to a value 
other than zero the next control or status (C/D = 1) access 
is to the specified register, after which the pointer is reset to 
zero. Other commands can be freely combined in control 
register by setting the register pointer. 

Commands (D3 - D5) 

Commands commonly used during the operation of the 
MPSC^ are grouped in control register 0. They include 
the following: 

Null (000): This command has no effect and is used only 
to set the register pointer or issue a CRC command. 
Send abort (001): When operating in the SDLC mode this 
command causes the MPSC^ to transmit the SDLC abort 
code, issuing 8 to 13 consecutive ones. Any data 
currently in the transmitter or the transmitter buffer is 
destroyed. After sending the abort the transmitter reverts 
to the idle phase (flags). When using the Tx byte count 
mode enable (Dg of CR1), and an underrun condition 
occurs, the |jlPD7201 A will automatically issue the send 
abort command. 

Reset external status interrupts (010): When the 
external/status change flag is set, the condition of bits 
D3 - Dy of status register are latched to allow the cap- 
ture of the short pulses that may occur. The reset external/ 
status interrupts command reenables the latches so 
that new interrupts may be sensed. 

Channel reset (Oil): This command has the same effect 
on a single channel as an external reset at pin 2. A channel 
reset command to channel A resets the internal interrupt 
prioritization logic. This does not occur when a channel 
reset command is issued to channel B. All control 
registers associated with the channel to be reset must be 
reinitialized. After a channel reset, wait at least four system 
clock cycles before writing new commands or controls to 
that channel. 

Enable interrupt on next character (100): When operat- 
ing the MPSC^ in an interrupt on first received character 
mode this command may be issued at any time. This com- 
mand must be issued at the end of a message to reenable 
the interrupt logic for the next received character (the first 
character of the next message). 

Reset pending transmitter interrupt/DMA request 
(101): A pending transmitter buffer becoming empty inter- 
rupt or DMA request can be reset without sending another 
character by issuing this command (typically at the end of a 
message). A new transmitter buffer becoming empty inter- 
rupt or DMA request is not made until another character 
has been loaded and transferred to the transmitter shift 
register or when, if operating in the synchronous or SDLC 
modes, the first CRC character has been sent. 

Error Reset (110): This command resets a special receive 
condition interrupt. It also reenables the parity and overrun 
error latches that allow errors at the end of a message to 
be checked. 
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End of interrupt (111) (channel A only): Once an inter- 
rupt request has been issued by the MPSC^ all lower 
priority internal and external interrupts in the daisychain are 
held off to permit the current interrupt to be serviced while 
allowing higher priority interrupts to occur. At some point in 
the interrupt service routine (generally at the end), the 
end of interrupt command must be issued to channel A to 
reenable the daisychain and allow any pending lower pn- 
ority internal interrupt requests to occur. The EOl command 
must be sent to channel A for interrupts that occurred on 
either channel. 

CRC Control Commands (Dg - D^) 

The following commands control the operation of the CRC 
generator/checker logic. 

Null (00): This command has no effect and is used when 
issuing other commands or setting the register pointer. 
Reset receiver CRC checker (01): This command resets 
the CRC checker to zero when the channel is in a syn- 
chronous mode and resets to all ones when in an SDLC 
mode. 

Reset transmitter CRC generator (10): This command 
resets the CRC generator to zero when the channel is in 
a synchronous mode and resets to all ones when in an 
SDLC mode. 

Reset idle/CRC latch (11): This command resets the idle/ 
CRC latch so that when a transmitter underrun condition 
occurs (that is, the transmitter has no more characters to 
send), the transmitter enters the CRC phase of operation 
and begins to send the 16-bit CRC character calculated up 
to that point. The latch is then set so that if the underrun 
condition persists, idle characters are sent following the 
CRC. After a hardware or software reset the latch is in 
the set state. This latch is automatically reset after the 
first character has been loaded into the Tx buffer in the 
SDLC mode. 

Control Register 1 



Dy 


De 


Ds 


D4 


D3 


Dj 


Di 


Do 


Wait 
Function 
Enable 


Tx Byte 
Count 
Mode 
Enable 


Wait on 

Receiver 

Transmitter 


Receiver 

Interrupt 

Mode 


Condition 
Affects 
Vector 


Transmitter 
Interrupt 
Enable 


Ext /Status 

INT 

Enable 



Low Byte 



External/Status interrupt enable (Dq) 

When this bit is set to one the MPSC^ issues an interrupt 
whenever any of the following conditions occur: 
Transition of the DCD input pin 
Transition of the CTS in put pin 
Transition of the SYNC input pin 
Entering or leaving synchronous hunt phase, 

break detection or termination 
SDLC abort detection or termination 
Idle/CRC latch becoming set (CRC being sent) 
After ending flag is sent in the SDLC mode 



Transmitter interrupt enable (D^) 

When this bit is set to one the MPSC^ issues an inter- 
rupt when: 

1 ) The character currently in the transmitter buffer is 

transferred to the shift register (transmitter buffer 
becoming empty) or, 

2) The transmitter enters the idle phase and begins 

transmitting sync or flag characters. 

3) The Tx byte mode enable bit is set (CR1 - D6 = 1). 

The 7201 A will automatically issue a Tx interrupt 
or DMA request when the transmitter becomes 
enabled (CR5 - D3 = 1). 

Condition affects vector (Dg) (programmed 
in channel B for both channels) 

When this bit is set to zero the fixed vector programmed 
in CR2B duhng MPSC^ initialization is returned in an 
interrupt acknowledge sequence. When this bit is set to 
one the vector is modified to reflect the condition that 
caused the interrupt. 

Receiver interrupt mode (D3 - D4) 

This field controls how the MPSC^'s interrupt/DMA logic 
handles the character received condition. 

Receiver interrupts/DMA request disabled 
(00) 

The MPSC^ does not issue an interrupt or a DMA request 
when a character has been received. 

Interrupt/DMA on first received character 
only (01) 

In this mode the MPSC^ issues an interrupt only for the first 
character received after an enable interrupt/DMA on first 
character command (CRO) has been given. If the channel 
is in a DMA mode, a DMA request is issued for each charac- 
ter received including the first. This mode generally is used 
whenever the MPSC^ is in a DMA or block transfer mode . 
This will signal the processor that the beginning of an 
incoming message has been received. 

Interrupt (and issue a DMA request) on all 
received characters (10) 

In this mode an interrupt (and DMA request if the DMA 

mode IS selected) is issued whenever there is a character 

present in the receiver buffer. A parity error is considered 

a special receive condition. 

Interrupt (and issue a DMA request) on all 

received characters (11) 

This mode is the same as the one above except that a 

parity error is not considered a special receive condition. 

The following are considered special receive conditions: 

Receiver overrun factor 

Asynchronous framing error 

Parity error (if specified) 

SDLC end of message (final flag received) 

Wait on receiver/transmitter (D5) 

If the wait function is enabled for block mode transfers, 
setting this bit to zero causes the MPSC^ to issue a wait 
(WAIT output goes low) when the processor attempts to 
write a character to the transmitter while the transmitter 
buffer IS full. Setting this bit to one causes the MPSC^ to 
issue a wait when the processor attempts to read a charac- 
ter from the receiver while the receiver buffer is empty 
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Tx byte count mode enable (Dg) 

Each channel has a 16-bit Tx byte count register used for 
automatic transmit termination. When this bit is set to one 
the next two consecutive command cycle writes will be to 
the byte count register. The first byte is loaded into the 
lower 8 bits and the second to the upper 8 bits of the byte 
count register. The byte count register holds the number of 
transfers to be performed by the transmitter. A byte counter 
is incremented each time a transfer is performed until the 
value of the byte counter is equal to the value in the byte 
count register. When equal, interrupts or DMA requests will 
be stopped until the byte count enable bit is issued and a 
new byte count is loaded into the byte count register. If a 
transmit underrun occurs in the SDLC mode, and the byte 
count is not equal to the byte count register, the abort 
sequence will be sent automatically 
Also, when using the Tx byte count mode, a transmit inter- 
rupt or DMA request will automatically become active after 
issuing the Tx enable command to CR5. 
The Tx byte count mode can be cleared by either a channel 
reset command or a hardware reset. 

Wait function enable (D7) 

Setting this bit to one enables the wait function which is 
described in CR1. 

Control Register 2 (Channel A) 



D7 


De 


D5 


D4 


D3 


O2 


Di 


Do 


Pin 10 
SYNCB/RTSB 


RxINT 
Mask 


Interrupt Vector Mode 


Priority 


DMA Mode 
Select 



DMA mode select (Dq - D^) 

Setting this field determines whether channel A or B is 
used in a DMA mode (i.e., data transfers are performed by 
a DMA controller) or in a non-DMA mode where transfers 
are performed by the processor in either a polled, interrupt, 
or block transfer mode. The functions of some MPSC^ pins 
are also controlled by this field. 



DMA Mode Selection 










Channel 




Pin Function 






Di Do A B 11 


26 


29 30 


31 


32 


Non-DMA Non-DMA WAITB 


DTRB 


PRI PRO 


DTRA 


WAITA 


1 DMA Non-DMA DRQTxA 


HAI 


PRI PRO 


HAO 


DRQRxA 


1 DMA DMA DRQTxA 


HAI 


DRQRxB DRQTxB 


HAO 


DRQRxA 


1 1 DMA DMA DRQTxA 


DTRB 


DRQRxB DRQTxB 


DTRA 


DRQRxA 



Priority (Dg) 

This bit selects the relative priorities of the various interrupt 
and DMA conditions according to the application 
requirements. 



DMA/interrupt Priorities 






IMode 




DMA Priority 
Relation 




D2 


Channel A Channel B 


Interrupt Priority Relation 





INT 


INT 


_ 


SRxA, RxA > TxA > SRxB, RxB > 
TxB > ExTA > ExTB 


1 


- 


SRxA, RxA > SRxB, RxB > TxA > 
TxB > ExTA > ExTB 





DMA 


INT 


RxA>TxA 


SRxA, RxA > SRxB, RxB > TxB > 
ExTA > ExTB 


1 


RxA > TxA 


SRxA, RxA > SRxB, RxB > TxB > 
ExTA > ExTB 





DMA 


DMA 


RxA > TxA > RxB > 
TxB 


SRxA, RxA > SRxB, RxB > ExTA > 
ExTB 


1 


RxA > RxB > TxA > 
TxB 


SRxA, RxA > SRxB, RxB > ExTA > 
ExTB 



Interrupt vector mode (D3 - D5) 

This field determines how the MPSC^ responds to an inter- 
rupt acknowledge sequence from the processor. 

Interrupt Acknowledge Sequence Response 



Ds 


D4 


D3 


Mode 


Status Register 2B and interrupt Vector 
Bits Affected When Condition Affects Vector 











Nonvectored 




D4 D3 D2 







1 


Nonvectored 




D4D3D2 










Nonvectored 




D2 D, Do 







1 


Illegal 




— 


1 







8085 Master 




D4D3D2 


1 




1 


8085 Slave 




D4 D3 D2 


1 







8086 




D2D1D0 


1 




1 


8085/8259A Slave 




D4 D3 D2 



Rx INT mask (Dg) 

This option is generally used in the DMA modes. Enabling 
this bit inhibits the interrupt from occurring when the inter- 
rupt/DMA Request On First Received Character mode is 
selected. In other words, only a DMA request will be gener- 
ated when the first character is received. 



Pin 10 SYNCB/RTSB select (D7) 

Programming a zero into this bit selects RTSB as the 
function of pin 10. A one selects SYNCB as the function. 

Control Register 2 (Channel B) 



Interrupt Vector 



Interrupt vector (Dq - D7) 

When the MPSC^ is used in the vectored interrupt mode 
the contents of this register is placed on the bus during the 
appropriate portion of the interrupt acknowledge sequence. 
Its value IS modified if status affects vector is enabled. The 
value of SR2B can be read at any time. This feature is 
particularly useful in determining the cause of an interrupt 
when using the MPSC^ in a nonvectored interrupt mode. 

Control Register 3 



Or 


Ds 


Ds 


D4 


D3 


D2 


Di 


Do 


Number of Received 
Bits per Character 


Auto 
Enables 


Enter 
Hunt 
Phase 


Receiver 
CRC Enable 


Address 
Search 
Mode 


Sync 

Character 

Load 

Inhibit 


Receiver 
Enable 



Receiver enable (Dq) 

After the channel has been completely initialized, setting 
this bit to one allows the receiver to begin operation. This 
bit may be set to zero at any time to disable the receiver. 

Sync character load inhibit (D^) 

In the character synchronous modes, this bit inhibits the 
transfer of sync characters to the receiver buffer thus per- 
forming a "sync-stripping" operation. When using the 
MPSC^'s CRC checking ability this feature should be used 
only to strip leading sync characters preceding a message 
since the load inhibit does not exclude sync characters 
embedded in the message from the CRC calculation. Syn- 
chronous protocols using other types of block checking 
such as checksum or LRC are free to strip embedded sync 
characters with this bit. 
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Address search mode (Dg) 

In the SDLC mode, setting this bit places the MPSC^ 
in an address search mode. Character assembly does 
not begin until the 8-bit character (secondary address 
field) following the starting flag of a message matches 
either the address programmed into CR6 or the global 
address 11111111. 

Receiver CRC enable (D3) 

This bit enables and disables (1 = enable) the CRC 
checker in the COP mode allowing characters from the 
CRC calculation to be selectively included or excluded. 
The MPSC^ features a one-character delay between the 
receiver shift register and the CRC checker so that the 
enabling or disabling takes effect with the last character 
transferred from the shift register to the receiver buffer. 
Therefore, there is one full character time in which to 
read the character and decide whether or not it should 
be included in the CRC calculation. In the SDLC mode, 
there is no 8-bit delay. 

Enter hunt phase (D4) 

Although the MPSC^ receiver automatically enters the sync 
hunt phase after a reset, there are times when reentry may 
be desired, such as when it has been determined that syn- 
chronization has been lost or, in an SDLC mode, to ignore 
the current incoming message. Writing a one into this bit at 
any time after initialization causes the MPSC^ to reenter 
the hunt phase. 

Auto enables (D5) 

Setting this bit to one causes the DCD and CTS 
inputs to act as enable inputs to the receiver and trans- 
mitter, respectively. 

Number of received bits per character 

This field specifies the number of data bits assembled to 
make each character. The value may be changed on the fly 
while a character is being assembled and, if the change is 
made before the new number of bits has been reached it 
affects that character. Otherwise the new specifications 
take effect on the next character received. 



Received Bits per Character 




D7 


De 


Bits per Character 








5 





1 


7 


1 





6 


1 1 8 



Control Register 4 



D7 


De 


D5 
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D3 


D2 
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Do 


Clock Rate 


Sync Mode 


Number of Stop Bits 
per Sync Mode 


Parity 
Even/Odd 


Parity 
Enable 



Parity enable (Dq) 

Setting this bit to one adds an extra data bit containing 
parity information to each transmitted character. Each 
received character is expected to contain this extra bit 
and the receiver parity checker is enabled. 
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Parity even/odd (D^) 

Programming a zero into this bit when parity is enabled 
causes the transmitted parity bit to take on the value 
required for odd parity. The received character is checked 
for odd parity. Conversely, a one in this bit signifies even 
parity generation and checking. 

Number of stop bits per sync mode (Dg - D3) 

This field specifies whether the channel is used in a 
synchronous (SDLC) or an asynchronous mode. In an 
asynchronous mode this field also specifies the number of 
bit times used as the stop bit length by the transmitter. The 
receiver always checks for one stop bit. 

Stop Bits 



D3 


02 


Mode 








Synchronous modes 





1 


Asynchronous 1 -bit time (1 stop bit) 


1 





Asynchronous V'l bit times (V'2 stop bits) 


1 1 Asynchronous 2-bit times (2 stop bits) 



Sync mode (D4 - D5) 

When the stop bits/sync mode field is programmed for 
synchronous modes (D2, D3 = 00), this field specifies 
the particular synchronous format to be used. This field 
is ignored in an asynchronous mode. 

Synchronous Formats 



Sync 
D5 


Sync 
Mode 2 

D4 


Mode 








8-bit internal synchronization character (monosync) 





1 


16-bit internal synchronization character (bisync) 


1 





SDLC 


1 1 External synchronization (SYNC pin becomes an input) 



Clock rate (Dg-Dy) 

This field specifies the rel ation s hip b etween the transmitter 
and receiver clock inputs (TxC, RxC) and the actual data 
rates at TxD and RxD. When operating in a synchronous 
mode a 1x clock rate must be specified. In asynchronous 
modes any of the rates may be specified, however, with a 1x 
clock rate the receiver cannot determine the center of the 
start bit. In this mode, the sampling (rising) edge of 
RxC must be externally synchronized with the data. 

Clock Rates 




Clock 
Rate 1 


Clock 
Rate 2 














D7 


Ds 


Clock Rate 












Clock Rate = 1x Data Rate 







1 




Clock Rate -16x Data Rate 




1 







Clock Rate = 32x Data Rate 




1 1 Clock Rate = 64x Data Rate 


Control Register 5 
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D3 
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DTR 


Number of Transmitted 
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Send 
Break 


Transmitter 
Enable 


CRC 
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Select 


RTS 


Transmitter 
CRC 
Enable 



Transmitter CRC enable (Dq) 

A one or a zero enables or disables respectively, the CRC 
generator calculation. The enable or disable does not take 
effect until the next character is transferred from the trans- 
mitter buffer to the shift register, thus allowing specific 
characters to be included or excluded from the CRC cal- 
culation. By setting or resetting this bit just before loading 
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the next character, it and subsequent characters are 
included or excluded from the calculation. If this bit is zero 
when the transmitter becomes empty the MPSC^ goes to 
the idle phase regardless of the state of the idle/CRC latch. 

RTS(Di) 

In synchro nous and SDLC modes setting this bit to one 
causes the RTS pin to go low while a zero causes it to go 
high. In an asynchronous mode setting this bit to zero does 
not cause RTS to go high until the transmitter is completely 
empty This feature facilitates programming the MPSC^ for 
use with asynchronous modems. 

CRC polynomial select (D2) 

This bit selects the polynomial used by the transmitter and 
receiver for CRC generation and checking. A one selects 
the CRC-16 polynomial (x^^ + x^^ + x^ + 1). A zero 
selects the CRC-CCITT polynomial (xi6 + x^^ + x^ + 1). 
In an SDLC mode CRC-CCITT must be selected. Either 
polynomial may be used in other synchronous modes. 

Transmitter enable (D3) 

After a reset the transmitted data output (TxD) is held high 
(marking) and the transmitter is disabled until this bit is set. 
In an asynchronous mode TxD remains high until data is 
loaded for transmission. 

In synchronous and SDLC modes the MPSC^ automati- 
cally enters the idle phase and sends the programmed 
sync or flag characters. 

When the transmitter is disabled in an asynchronous mode 
any character currently being sent is completed before TxD 
returns to the marking state. 

If the transmitter is disabled during the data phase in a 
synchronous mode the current character is sent. TxD then 
goes high (marking). In an SDLC mode the current charac- 
ter is sent, but the marking line following is zero-inserted. 
That is, the line goes low for one bit time out of every five. 
The transmitter should never be disabled during the SDLC 
data phase unless a reset is to follow immediately. In either 
case, any character in the buffer register is held. 
Disabling the transmitter during the CRC phase causes the 
remainder of the CRC character to be bit-substituted with 
the sync (or flag). The total number of bits transmitted is 
correct and TxD goes high after they are sent. 
If the transmitter is disabled during the idle phase the 
remainder of the sync (flag) character is sent. TxD then 
goes high. 

Send break (D4) 

Setting this bit to one immediately forces the transmitter 
output (TxD) low (spacing). This function overrides the 
normal transmitter output and destroys any data being 
transmitted although the transmitter is still in operation. 
Resetting this bit releases the transmitter output. 

Transmitted bits per character (D5 - Dg) 

This field controls the number of data bits transmitted in 
each character. The number of bits per character may be 
changed by rewriting this field just before the first character 
is loaded to use the new specification. 



Transmitted Bits per Character 



Transmitted 

Bits per 
Ciiaracter 1 


Transmitted 

Bits per 

Character 




Ds 


Db 


Bits per Ciiaracter 








5 or less (see below) 





1 


7 


1 





6 


1 1 8 



Normally each character is sent to the MPSC^ right- 
justified and the unused bits are ignored. However, when 
sending five bits or less the data should be formatted as 
shown below to inform the MPSC^ of the precise number 
of bits to be sent. 

Transmitted Bits per Character for 
5 Characters or Less 



Or 


Ds 


Ds 


©4 


Da 


02 


0^ 


Do 




1 


1 


1 


1 











Do 


1 


1 


1 


1 











D, 


Do 


2 


1 


1 











D2 


Di 


Do 


3 


1 











D3 


D2 


Di 


Do 


4 











D4 


D3 


Oz 


Di 


Do 


5 



DTR (data terminal ready) (D^) 

When this bit is one the DTR outp ut is low (active). Con 
versely, when this bit is zero DTR is high. 

Control Register 6 



Sync Byte 1 



Sync byte 1 (Dq - D7) 

Sync byte 1 is used in the following modes: 

Monosync 8-bit sync character transmitted 

during the idle phase 
Bisync Least significant (first) 8 bits of 

the 1 6-bit transmit and receive 

sync character 
External Sync Sync character transmitted during the 

idle phase 
SDLC Secondary address value matched to 

secondary address field of the SDLC 

frame when the MPSC^ Is in the 

address search mode 

Control Register 7 



Sync Byte 2 



Sync byte 2 (Do -D7) 

Sync byte 2 is used in the following modes: 

Monosync 8-bit sync character matched by 

the receiver 
Bisync Most significant (second) 8 bits of the 1 6- 

bit transmit and receive sync characters 
SDLC The flag character, 01111110, must be 

programmed into control register 7 for flag 

matching by the MPSC^ receiver 
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status Register 



D7 


De 


D5 


D4 


D3 


Dj 


Di 


Do 


Break/ 
Abort 


Idle/CRC 


CTS 


Sync 
Status 


DCD 


Transmitter 
Buffer 
Empty 


Interrupt 
Pendmg 


Received 
Character 
Available 



Received character available (Dg) 

When this bit is set it indicates that one or more charac- 
ters in the receiver buffer is available for the processor to 
read. Once all the available characters have been read the 
MPSC^ resets this bit until a new character is received. 

Interrupt pending (D^ — channel A only) 

The interrupt pending bit is used with the interrupt vector 
register (status register 2) to make it easier to determine 
the MPSC^'s interrupt status, particularly in a nonvectored 
interrupt mode where the processor must poll each device 
to determine the interrupt source. In this mode interrupt 
pending is set when status register 2B is read, the PRI 
input is active (low), and the MPSC^ is requesting inter- 
rupt service. 

The status registers of both channels need not be analyzed 
to determine if an interrupt is pending. If the status affects 
vector is enabled and the interrupt pending is set the vector 
read from SR2 contains valid condition information. 
In a vectored interrupt mode interrupt pending is set during 
the inte rrupt acknowledge cycle (on the leading edge of the 
second INTA pulse) when the MPSCfjs the highest priority 
device requesting interrupt service (PRI is active). In either 
mode if there are no other pending interrupt requests inter- 
rupt pending is reset when the end of the interrupt 
command is issued. 

Transmitter buffer empty (D2) 

This bit is set whenever the transmitter buffer is empty 
except during the transmission of CRC. (The MPSC^ uses 
the buffer to facilitate this function.) After a reset the buffer 
is considered empty and transmit buffer empty is set. 

External/status flags (D3-D7) 

The following status bits reflect the state of the various con- 
ditions that cause an external/status interrupt. The MPSC^ 
latches all external/status bits whenever a change occurs 
that would cause an external/status interrupt (regardless of 
whether this interrupt is enabled). This allows transient 
status changes on these lines to be captured with relaxed 
software timing requirements. 

When the MPSC^ is operated in an interrupt-driven mode 
for external/status interrupts, status register should be 
read when this interrupt occurs and a reset external/status 
interrupt command issued to reenable the interrupt and 
the latches. To poll these bits without interrupts, the reset 
external/status interrupt command can be issued to first 
update the status to reflect the current values. 
DCD (D3): This bi t refle cts the inverted state of the 
DCD input. When DCD is low the DCD status bit is high. 
Any transition on this bit causes an external/status inter- 
rupt request. 

Sync status (DJ: The meaning of this bit depends on the 
operating mode of the MPSC^. 
Asynchron ous mo de: Sync st atus ref lects the inverted 
state of the SYNC input. When SYNC is low, sync status 
is high. Any transition on this bit causes an external/status 
interrupt request. 
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External synchronization mode: Sync status operates in 
the same manner as an asynchronous mode. The MPSC^'s 
receiver synchronization logic is also tied to the sync status 
bit in an ex ternal synchronization mode and a low-to-high 
transition (SYNC input going low) informs the receiver that 
synchronization has been achieved and character assem- 
bly begins. 

A low-to-high transition on the SYNC input indicates 
that synchronization has been lost and is reflected both 
in the sync status becoming zero and the generation of 
an external/status interrupt. The receiver remains in the 
receive data phase until the enter hunt phase bit in 
control register 3 is set. 

Monosync, bisync, SDLC modes: In these modes, sync 
status indicates whether the MPSC^ receiver is in the sync 
hunt or receive data phase of operation. A zero indicates 
that the MPSC^ is in the receive data phase and a one 
indicates that the MPSC^ is in the sync hunt phase (as after 
a reset or a setting of the enter sync hunt phase bit). As in 
the other modes a transition on this bit causes an external/ 
status interrupt to be issued, it should be noted that enter- 
ing a sync hunt phase after either a reset or when 
programmed causes an external/status interrupt request 
which may be cleared immediately with a reset external/ 
status interrupt command. 
CTS (D5): This bi t refle cts the inverted state of the 
CTS input. When CTS is low, the CTS status bit is high. 
Any transition on this bit causes an external/status inter- 
rupt request. 

Idle/CRC (Dg) (Tx underrun/EOM): This bit indicates the 
state of the idle/CRC latch used in the synchronous and 
SDLC modes. After a hardware reset this bit is set to one, 
indicating that the transmitter is completely empty. When 
the MPSC2 enters idle phase it automatically transmits 
sync or flag characters. 

In the SDLC mode the MPSC^ automatically resets this 
latch after the first byte of a frame is written to the Tx buffer. 
When the transmitter is completely empty, the MPSC^ 
sends the 16-bit CRC character and sets the latch again. 
An external/status interrupt is issued when the latch is set, 
indicating that CRC is being sent. No interrupt is issued 
when the latch is reset. 

Break/abort (Dj): In the asynchronous mode this bit indi- 
cates the detection of a break sequence (a null character 
plus framing error that occurs when the RxD input is held 
low, spacing, for more than one character time). Break/ 
abort is reset when RxD returns high (marking), 
in the SDLC mode, Break/abort indicates the detection of 
an abort sequence when seven or more ones are received 
in sequence. It is reset when a zero is received. 
Any transition of the break/abort bit causes an external/ 
status interrupt. 

Status Register 1 




D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 


End of 
SDLC Frame 


CRC 

Framing 

Error 


Overrun 
Error 


Parity 
Error 


SDLC Residue Code 


All Sent 
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All sent (Do) 

This bit is set when the transmitter is empty and reset when 
a character is present in the transmitter buffer or shift regis- 
ter. This feature simplifies the modem control software 
routines. In the bit synchronous mode, this bit will be set 
when the ending flag pattern is sent. 

SDLC residue code (D^ - D3) 

Since the data portion of an SDLC message can consist of 
any number of bits and not necessarily an integral number 
of characters, the MPSC^ features special logic to deter- 
mine and report when the end of frame flag has been 
received, the boundary between the data field and the CRC 
character in the last few data characters that were just read. 
When the end of frame condition is indicated, that is, status 
register 1 D7 = 1 and special receive condition interrupt (if 
enabled), the last bits of the CRC character are in the 
receiver buffer The residue code for the frame is valid in the 
status register 1 byte associated with that data character. 
(SR1 tracks the received data in its own buffer.) 
The meaning of the residue code depends upon the num- 
ber of bits per character specified for the receiver. The 
previous character refers to the last character read before 
the end of frame, and so forth. 

Residue Codes 



8 Bits per Character 


D3 


02 


Dt 






1 








cccccccc 


CCCCCDDD 





1 





cccccccc 


CCCCDDDD 


1 


1 





cccccccc 


CCCDDDDD 








1 


cccccccc 


CCDDDDDD 


1 





1 


cccccccc 


CDDDDDDD 





1 


1 


cccccccc 


DDDDDDDD (no residue) 


1 


1 


1 


CCCCCCCD 


DDDDDDDD 











CCCCCCDD 


DODDDDDD 


7 Bits per Character 


D3 


Da 


Dt 


Previous Character 


2nci Previous Character 


1 








ccccccc 


CCCCCDD 





1 





ccccccc 


CCCCDDD 


1 


1 





ccccccc 


CCCDDDD 








1 


ccccccc 


CCDDDDO 


1 





1 


ccccccc 


CDDDDDD 





1 


1 


ccccccc 


D D D D D D D (no residue) 











CCCCCCD 


DODDODD 


6 Bits per Character 


D3 


i>2 


Di 




2nd Previous Character 


1 








cccccc 


CCCCCD 





1 





cccccc 


CCCCDD 


1 


1 





cccccc 


CCCDDD 








1 


cccccc 


CCDDDD 


1 





1 


cccccc 


CODDDD 











cccccc 


D D D D D D (no residue) 


5 Bits per Character 


D3 


Da 


Di 




3rd Previous Character 


1 








ccccc 


D D D D (no residue) 





1 





CCCCD 


DDDDD 


1 


1 





CCCDD 


DDDDD 








1 


CCDDD 


DDDDD 











CDDDD 


DDDDD 



When any of these conditions occur and interrupts are 
enabled, the MPSC^ issues an interrupt request. In addi- 
tion, if a condition affects vector mode is enabled, the 
vector generated (and the contents of SR2B for nonvec- 
tored interrupts) is different from that of a received 
character available condition. Thus, it is not necessary to 
analyze SR1 with each character to determine if an error 
has occurred. 

As a further convenience, the parity error and receiver over- 
run error flags are latched. That is, once one of these errors 
occurs, the flag remains set for all subsequent characters 
until reset by the error reset command. With this facility SR1 
need only be read at the end of a message to determine if 
either of these errors occurred anywhere in the message. 
The other flags are not latched and follow each character 
available in the receiver buffer. 

Parity error (D4): This bit is set and latched when parity 
is enabled and the received parity bit does not match the 
sense (odd or even) calculated from the data bits. 
Receiver overrun error (D5): This error occurs and is 
latched when the receiver buffer already contains three 
characters and a fourth character is completely received, 
overwriting the last character in the buffer. 
CRC/framing error (Dg): In the asynchronous mode a 
framing error is flagged (but not latched) when no stop bit is 
detected at the end of a character (i.e., RxD is low one bit 
time after the center of the last data or parity bit). When this 
condition occurs, the MPSC^ waits an additional one-half 
bit time before sampling again so that the framing error is 
not interpreted as a new start bit. 
In the synchronous and SDLC modes this bit indicates the 
result of the comparison between the current CRC result 
and the appropriate check value and is usually set to one 
since a message rarely indicates a correct CRC result until 
correctly completed with the CRC check character. Note 
that a CRC error does not result in a special receive condi- 
tion interrupt. 

End of SDLC frame (EOF) (D7): This status bit is used 
only in the bit synchronous mode to indicate that the end of 
frame flag has been received and that the CRC error flag 
and residue code are valid. This flag can be reset at any 
time by issuing an error reset command. The MPSC^ also 
automatically resets this bit when the first character of the 
next message frame is sent. 

Status Register 2B 



Interrupt Vector 



Interrupt vector (Dq - D^ — channel B only) 

Reading status register 2B returns the interrupt vector that 
is programmed into control register 2B. If a condition affects 
vector mode is enabled the value of the vector is modified 
as shown in the following table. 



Special receive condition flags 

The status bits deschbed below — parity error (if parity as a 
special receive condition is enabled), receiver overrun error, 
CRC/framing error, and end of SDLC frame — all represent 
special receive conditions. 
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Condition Affects Vector Modifications 



interrupt 

Pending (SRO, D, 

Cliannei A) 


8085 


iModes 


''*4 


©3 


02 




8086 IModes 


^2 


Di 


Do 


Condition 










1 




No interrupt pending 
















Channel B transmitter buffer empty 















Channel B external /status change 










1 





Channel B received character available 










1 




Channel B special receive condition 
















Channel A transmitter buffer empty 















Channel A external/status change 










1 















1 




Channel A special receive condition 



Read Register Bit Functions 

Read Register 



As can be seen code 111 can mean either channel A spe- 
cial receive condition or no interrupt pending. They can be 
easily distinguished by examining the interrupt pending bit 
(Di) of status register 0, channel A. In a nonvectored inter- 
rupt mode the vector register must be read first for the 
interrupt pending to be valid. 



Read Register 1® 



D4 D3 



Di 



- Rx Character Available 

- INT Pending (Channel A Only) 

- Tx Buffer Empty 
-DCD 

- Sync/Hunt 

- Tx Underrun/lOM 

- Break/Abort 



Used with 
External/Status 
Interrupt Mode 



11 



All Sent — Used with External/Status 
Interrupt Mode 



Residue Data for 
I Eight Rx Bits per 
Character 
Programmed 





l-Field 


l-Field 


Bits in 


Bits m 


Second 


Previous 


Previous 


Byte 


Byte 





3 ^ 





4 





5 





6 





7 





8 


1 
9 


8 

ft J 



- Parity Error 

- Rx Overrun Error 

- CRC/Framing Error 

- End of Frame (SDLC) 



Read Register 2 



Di Do 




Interrupt 
Vector 



Notes: ® Used with special receive condition mode 

@ Variable if Status Affects Vector is programmed 



Write Register Bit Functions 

V^rite Register 



Or 


De 


D5 


D4 


D3 


O2 


Di 


Do 
















1 1 1 



Register ~^ 














1 Register 1 














1 Register 2 


Pointer for 












1 1 Registers 


L the Selection of 












1 Register 4 


^ a Read/Write 












1 1 Registers 


Register 












1 1 Registers 














1 1 1 Register? J 








Null Code 








1 Send Abort (SDLC) 








1 Reset EXT/Status Interrupts 








1 1 Channel Reset 








1 Enable INT on Next Rx Character 








1 1 Reset Tx INT/DMA Pending 








1 1 Error Reset 








1 1 1 End of Interrupt (EOl — Channel A 


only) 


Null Code 




1 Reset Rx CRC Checker 




1 Reset Tx CRC Generator 












F 


)es 


etT 


xU 


ndc 




jn/EOK 


A Latcf 


1 
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Write Register Bit Functions (Cont.) 

Write Register 1 



Write Register 3 



L 



EXT INT Enable 
Tx INT Enable 
Status Affects Vector 



(Channel B only) 
Rx INT and DMA Disable 

1 Rx INT on First Character 

1 INT on All Rx Characters 

(Parity Affects Vector) 
1 1 INT on All Rx Characters 

(Parity Does Not Affect 
Vector) 

- Wait on Receiver/Transmitter 

- Tx Byte Count Enable 

- Wait Enable 



- Rx Enable 

- Sync Character Load Inhibit 

- Address Search Mode (SDLC) 
-RxCRC Enable 

- Enter Hunt Phase 

- Auto Enables 



OR Interrupt on 
Special Receive 
Condition 



Rx5 Bits/Character 
Rx7 Bits/Character 
Rx6 Bits/Character 
Rx8 Bits/Character 



Write Register 4 



Write Register 2 (Channel B) 



Tx Byte Count Register 



vo 


■N 




V1 






V2 






V3 




I Interrupt 


V4 




Vector 


V5 






V6 







n 



Parity Enable 

Parity = Odd 

1 Parity = Even 



1 



1 



Sync Modes Enable 

1 Stop Bit/Character 

1 V2 Stop Bits/Character 

2 Stop Bits/Character 



8-bit Sync Character 

1 16-bit Sync Character 

1 SDLC Mode (01111110 Flag) 
1 1 External Sync Mode 

XI Clock Mode 
X16 Clock Mode 
X32 Clock Mode 
X64 Clock Mode 



D4 D3 D; 



Write Register 5 



BitO 




Bitl 




Bit 2 




Bits 


Low 


Bit 4 


Byte 


Bits 




Bite 




Bit? 





Tx Byte Count Register 



-TxCRC Enable 
-RTS 

-CRC-16/CRC-CCITT 
-Tx Enable 
- Send Break 



Tx5 Bits (or Less)/Character 
Tx7 Bits/Character 
Tx6 Bits/Character 
Tx8 Bits/Character 



Dj Di 



Write Register 6 



Bits 




Bits 




Bit 10 




Bit 11 


High 


Bit 12 


Byte 


Bit 13 




Bit 14 




Bit 15 





Write Register 2 (Cliannel A) 



D5 D4 



Da D, 



D5 D4 D3 



- Sync Bit ^ 

- Sync Bit 1 

- Sync Bit 2 

- Sync Bit 3 

- Sync Bit 4 

- Sync Bit 5 

- Sync Bit 6 

- Sync Bit 7 J 



Also SDLC 
Address Field 



Both Channels Interrupt 

1 Channel A DMA, Channel B INT 

1 Both Channels DMA- Internal Priority Mode 
1 1 Both Channels DMA- External Priority Mode 

- Priority RxA > TxA > RxB > TxB 
1 Priority RxA > RxB > TxA > TxB 

8085 Master Mode 
8085 Slave Mode 
8086/88 Mode 
8085/8259A Slave Mode 



Write Register 7 



- Interrupt Vectored/Nonvectored 
Receive Interrupt Mask 



- Sync Bit 8 "^ 

- Sync Bit 9 
-Sync Bit 10 
-Sync Bit 11 
-Sync Bit 12 
-Sync Bit 13 
-Sync Bit 14 
-Sync Bit 15 J 



RTSBPinlO 
SYNCS Pin 10 



Note: © For SDLC it must be programmed to Oil 1 1 11 for flag recognition 



6-26 



|jlPD7201A 



Timing Waveforms 

Read Cycle 

c/D, B/A, cs yr 









Other Timing 



CTS, DCD, SYNC 



C/oc/c 



Write Cyc/e 

c/D, B/A, CS 
WR 






^ 



Read/Write Cycle 

(Software Block Transfer Mode) 



INTA Cycle 



INTA 0. 
DB ^ 



J 



V ^. 



XZ^ 



D^ X >: > 



c/D, B/A, CS 
RD/WR 



WAITA/B 



DM4 Cycle 



DRQ 

HAI : 

RD/WR 
HAO 



"*HIHO'H 



Transmit Data Cycle 



TxC 
TxD 



^ 



Notes: ® INTA signal acts as RD signal 

® PRI and HAI signals act as 08 signal 



Receive Data Cycle 



^^ 



Sync Pulse Generation 
(External Sync Mode) 



RxC /" 



Last Bit of First Bit of 

Sync Character Data Character 



RxC 
RxD 
iNT 



'ds~ ^ S'~ 
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AC Characteristics 

Ta = 0°C to +70''C; Vcc = +5V ± 10% 





Symbol 


Limits 


Unit 




Parameter 


Min Typ 


Max 


Test Conditions 


Clock Cycle 


tcY 


200 


4000 


ns 




Clock High Width 


tcH 


70 


2000 


ns 




Clock Low Width 


tcL 


70 


2000 


ns 




Clock Rise Time 


tr 





30 


ns 




Clock Fall Time 


tf 





30 


ns 




Address Setup to RD 


tAR 







ns 




Address Hold from RD 


tRA 







ns 




RD Pulse Width 


tRR 


200 




ns 




Data Output Delay from Address 


tAD 




140 


ns 




Data Output Delay from RD 


tRD 




140 


ns 




Data Float Delay from RD 


toF 





70 


ns 




Address Setup to WR 


tAW 







ns 




Address Hold from WR 


twA 







ns 




WR Pulse Width 


tww 


200 




ns 




Data Setup to WR 


tow 


130 




ns 




Data Hold from WR 


two 







ns 




PRO Delay from PRI 


tpipo 




100 


ns 




PRO Delay from INTA 


t|APO 




200 


ns 




PRI Setup to INTA 


tpiN 







ns 




PRI Hold from INTA 


t|P 


20 




ns 




INTA Pulse Width 


t|, 


200 




ns 




End of INTA to Next INTA 


tRHRL 


300 




ns 




Data Output Delay from INTA 


t|D 




140 


ns 




Data Float Delay from INTA 


toF 





70 


ns 




Request Hold from RD/WR 


tcQ 




60 


ns 




HAI Setup to RD/WR 


tLR 


300 




ns 




HAI Hold from RD/WR 


tRL 







ns 




HAO Delay from HAI 


tHIHO 




100 


ns 




Data Clock Cycle 


toCY 


400 




ns 


RxC, TxC 


Data Clock High Width 


toCH 


180 




ns 


RxC, TxC 


Data Clock Low Width 


toCL 


180 




ns 


RxC, TxC 


Tx Data Delay from TxC 


tTD 




300 
1000 


ns 


x1 Mode 
x16, 32, 64 


Rx Data Setup to RxC 


tos 







ns 




Rx Data Hold from RxC 


toH 


140 




ns 




INT Delay Time from Tx Data 


t|TD 




4-6 


toy 




INT Delay Time from RxC 


t|RD 




7-11 


toy 




CTS, DCD, SYNC High 
Pulse Width 


tpH 


200 




ns 




CTS, DCD, SYNC Low 
Pulse Width 


tpL 


200 




ns 




External INT from CTS, 
DCD, SYNC 


t.PD 




500 


ns 




Recovery Time Between Controls tpy 


300 




ns 




WAIT Delay Time from Address 


tew 




80 


ns 




SYNC Setup to RxC 


toRxC 




100 


ns 





Notes: 1 RESET must be active for a minimum of one complete CLK c; 
2 In all modes system clock rate must be 4 5 times data rate 



AC Waveform IMeasurement Points 



|ulPD7201 A Target Specifications 
Absolute IMaximum Ratings 



Ta = 25°C 


Power Supply, Vcc 


- 0.5V to + 7.0V 


Input Voltages, V, 


- 0.5V to + 7.0V 


Output Voltages, Vo 


- 0.5V to + 7.0V 


Operating Temperature, Tqpt 


0Xto+70X 


Storage Temperature, Tstg 


-65Xto+125X 



*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

DC Characteristics 

Ta = OX to +70X; Vcc = +5V ± 10% 





Symbol 




Limits 


Unit 






Min 


Typ Max 


Test Conditions 


Input Low Voltage 


V,L 


-0.5 


+ 0.8 


V 




Input High Voltage 


V,H 


+ 2.0 


Vcc + 0.5 


V 




Output Low Voltage 


Vol 




+ 0.45 


V 


loL= +2 0mA 


Output High Voltage 


Vqh 


+ 2.4 




V 


loH = 200J.A 


Input Leakage Current 


I.L 




±10 


M.A 


V,N = VcctoOV 


Output Leakage Current 


loL 




±10 


f.A 


VouT = VcctoOV 


Vcc Supply Current 


Ice 




180 


mA 




Capacitance 

Ta = 25°C;Vcc = 


GND = OV 










Symbol 




Limits 


Unit 




Parameter 


Min 


Typ Max 


Test Conditions 


Input Capacitance 


C,N 




10 


PF 


fc - 1MHz 


Output Capacitance 


CouT 




15 


PF 


Unmeasured pins 


I/O Capacitance 


C,/o 




20 


pF 


returned to GND. 



24 


20 


2.0 




X 


"Si 


45 


0.8 


08 
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Package Outlines 

For information, see Pacicage Outline Section 7. 

Plastic, jjiPD7201AC 
Ceramic, |xPD7201AD 
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MPD7210 

INTELLIGENT GPIB 

INTERFACE CONTROLLER 



DESCRIPTION 



FEATURES 



PIN CONFIGURATION 



The /iPD7210 TLC is an intelligent GPIB Interface Controller designed to meet all of 
the functional requirements for Talkers, Listeners, and Controllers as specified by the 
IEEE Standard 488-1978. Connected between a processor bus and the GPIB, the TLC 
provides high level managementof the GPIB to unburden the processor and to simplify 
both hardware and software design. Fully compatible with most processor architectures. 
Bus Driver/Receivers are the only additional components required to implement any 
type of GPIB interface. 

• All Functional Interface Capability Meeting IEEE Standard 488-1978. 

— SHI (Source Handshake) 

— AH1 (Acceptor Handshake) 

— T5 or TE5 (Talker or Extended Talker) 

— L3 or LE3 (Listener or Extended Listener) 

— SRI (Service Request) 

— R.L1 (Remote Local) 

— PP1 or PP2 ((Parallel Poll) (Remote or Local Configuration)) 

— DC1 (Device Clear) 

— DTI (Device Trigger) 

— C1-5 ((Controller) (All Functions)) 

• Programmable Data Transfer Rate 

• 16 MPU Accessible Registers - 8 Read/8 Write 

• 2 Address Registers 

— Detection of MTA, MLA, MSA (My Talk/Listen/Secondary Address) 

— 2 Device Addresses 

• EOS Message Automatic Detection 

• Command (IEEE Standard 488-78) Automatic Processing and Undefined Command 
Read Capability 

• DMA Capability 

• Programmable Bus Transceiver I/O Specification (Works with T.i./Motorola/lntel) 

• 1 to 8 MHz Clock Range 

• TTL Compatible 

• N Channel MOS 

• +5V Single Power Supply 

• 40-Pin Plastic DIP 

• 8080/85/86 Compatible 




T/R 1 


C 


1 


K^ 


40 


3 


vcc 


T/R 2 


C 


2 




39 


D 


EOI 


CLOCK 


c 


3 




38 


D 


NDAC 


RESET 


c 


4 




37 


3 


NRFD 


T/R 3 


c 


5 




36 


D 


DAV 


DMAREQ 


c 


6 




35 


1 


DI0 8 


DMAACK 


c 


7 




34 


D 


DI0 7 


CS 


c 


8 




33 


1 


Dt0 6 


RD 


c 


9 




32 


3 


DI0 5 


WR 


c 


10 


iuPD7210 


31 


3 


DI0 4 


INT 


c 


11 




30 


3 


DI0 3 


DO 


c 


12 




29 


3 


DI0 2 


D 1 


c 


13 




28 


3 


DI0 1 


D2 C 


14 




27 


3 


SRQ 


D3C 


15 




26 


3 


ATN 


D4 


c 


16 




25 


3 


REN 


D5 


c 


17 




24 


3 


IPC 


D6 


c 


18 




23 


3 


RS2 


D7 


c 


19 




22 


3 


RSI 


REV/2 ^^^ 


c 


20 




21 


3 


RSO 
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PIN NAME 


I/O 


DESCRIPTION 


1 


T/R1 





Transmit/Receive Control — Input/Output Control Signal 
for the GPIB Bus Transceivers. 


2 


T/R2 





Transmit/Receive Control - The functions of T/R2, T/R3 
are determined by the values of TRM1, TRMO of the 
address mode register. 


3 


CLK 


1 


Clock — (1-8 MHz) Reference Clock for generating the 
state change prohibit times T1 , T6, T7, T9 specified in 
IEEE Standard 488-1978. 


4 


RST 


1 


Reset— Resets 7210 to an idlestate when high (active high). 


5 


T/R3 





Transmit/Receive Control — Function determined by 
TRM1 and TRMO of address mode register (See T/R2). 


6 


DRQ 





DMA Request — 7210 requests data transfer to the com- 
puter system, becomes low on input of DMA acknowledge 
signal DACK. 


7 


DACK 


1 


DMA Acknowledge — (Active Low) Signal connects the 
computer system data bus to the data register of the 721 0. 


8 


CS 


1 


Chip Select — (Active Low) Enables access to the register 
selected by RSO-2 (read or write operation). 


9 


RD 


1 


Read — (Active Low) Places contents of read register 
specified by RSO-2 - on DO-7 (Computer Bus). 


10 


WR 


1 


Write — (Active Low) writes data on DO-7 into the write 
register specified by RSO-2. 


11 


INT / 
yiNT 





Interrupt Request — (Active High/Low) Becomes active 
due to any 1 of 13 internal interrupt factors (unmasked) 
active state software configurable, active high on chip reset. 


12-19 


DO-7 


I/O 


Data Bus — 8-bit bidirectional data bus, for interface to 
computer system. 


20 


GND 




Ground. 


21-23 


RSO-2 


1 


Register Select — These lines select one of eight read 
(write) registers during a read (write) operation. 


24 


IFC 


I/O 


Interface Clear — Control line used for clearing the inter- 
face functions. 


25 


REN 


I/O 


Remote Enable — Control line used to select remote or 
local control of the devices. 


26 


ATN 


I/O 


Attention — Control line which indicates whether data on 
DIO lines is an interface message or device dependent message. 


27 


SRQ 


I/O 


Service Request — Control line used to request the con- 
troller for service. 


28-35 


DI01-8 


I/O 


Data Input/Output — 8-bit bidirectional bus for transfer 
of message on the GPIB. 


36 


DAV 


I/O 


Data Valid — Handshake line indicating that data on DIO 
lines is valid. 


37 




I/O 


Ready for Data — Handshake line indicating that device is 
ready for data. 


NRFD 


38 


NDAC 


I/O 


Data Accepted — Handshake line indicating completion of 
message reception. 


39 


EOl 


I/O 


End or Identify — Control line used to indicate the end of 
multiple byte transfer sequence or to execute a parallel 
polling in conjunction with ATN. 


40 


vcc 




+5V DC - Technical Specifications: +5V; NMOS; 
500 MW; 40 Pins; TTL Compatible; 1-8 MHz. 



PIN IDENTIFICATION 
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The IEEE Standard 488 describes a "Standard Digital Interface for Programmable 
Instrumentation" which, since its introduction in 1975, has become the most 
popular means of interconnecting instruments and controllers in laboratory, auto- 
matic test and even industrial applications. Refined over several years, the 488-1978 
Standard, also known as the General Purpose Interface Bus (GPIB), is a highly 
sophisticated standard providing a high degree of flexibility to meet virtually most 
all instrumentation requirements. The juPD7210 TLC implements all of the func- 
tions that are required to interface to the GPIB. While it is beyond the scope of 
this document to provide a complete explanation of the IEEE 488 Standard, a 
basic description follows: 

The GPIB interconnects up to 15 devices over a common set of data control lines. 
Three types of devices are defined by the standard: Talkers, Listeners, and Con- 
trollers, although some devices may combine functions such as Talker/Listener or 
Talker/Controller. 

Data on the GPIB is transferred in a bit parallel, byte serial fashion over 8 Data I/O 
lines (D101 — D108). A 3 wire handshake is used to ensure synchronization of 
transmission and reception. In order to permit more than one device to receive data 
at the same time, these control lines are "Open Collector" so that the slowest 
device controls the data rate. A number of other control lines perform a variety of 
functions such as device addressing, interrupt generation, etc. 

The ^(PD7210 TLC implements all functional aspects of Talker, Listener and Con- 
troller functions as defined by the 488-1978 Standard.and on a single chip. 



INTRODUCTION 



The /iPD7210 TLC is an intelligent controller designed to provide high level protocol 
management of the GPIB, freeing the host processor for other tasks. Control of the 
TLC IS accomplished via 16 internal registers. Data may be transferred either under 
program control or via DMA using the TLC's DMA control facilities to further reduce 
processor overhead. The processor interface of the TLC is general in nature and may 
be readily interfaced to most processor lines. 

In addition to providing all control and data lines necessary for a complete GPIB 
implementation, the TLC also provides a unique set of bus transceiver controls 
permitting the use of a variety of different transceiver configurations for maximum 
flexibility. 

INTERNAL REGISTERS 

The TLC has 16 registers, 8 of which are read and 8 write. 



GENERAL 



REGISTER NAME 



ADDRESSING 



SPECIFICATION 



Data In [OR] 
Interrupt Status 1 [1R] 
Interrupt Status 2 (2R] 
Sena! Poll Status [3R] 
Address Status [4R] 
Command Pass Through [5R] 
Address 0[6R] 
Address 1 [7R] 

Byte Out [OW] 
Interrupt Mask 1 [1W] 
Interrupt Mask 2 [2W] 
Serial Poll Mode [3W] 
Address Mode [4W] 
Auxiliary Mode [5W] 
Address 0/1 [6W] 
End of String [7W] 



1 DI7 1 DI6 1 015 1 014 | DI3 | 012 | DM I DIO i 




1 CPT 1 APT 1 DET 1 END | DEC | ERR | DO j Dl j 




1 INT 1 SRQI 1 LOK | REM | CO 1 LOKC | REMC | ADSCI 




1 S8 1 PEND 1 86 1 S5 1 S4 1 S3 1 S2 1 SI 1 




1 CIC 1 ATlvi 1 SPMS 1 LPAS j TPAS j LA | TA | MJMNj 




1 CPT7 1 CPT6 1 CPT5 | CPT4 | CPT3 | CPT2 | CPT1 | CPTO j 




IX 1 DTO 1 DLO 1 AD5-0 1 AD4-0 1 AD3-0 1 A02-0 1 ADI-Ol 




1 EOl 1 DTI 1 DL1 1 AD5-1 | AD4-1 | AD3-1 | AD2-1 |AD1-l| 




1 B07 1 806 1 BOB | B04 | B03 | B02 | B01 j BOO | 




1 CPT 1 APT 1 DET 1 END 1 DEC | ERR | DO I Dl I 




1 1 SRQI 1 DMAO 1 DMAI | CO 1 LOKC | REMC | ADSCi 




1 SB 1 rsv 1 S6 1 S5 | S4 | S3 | S2 | SI | 




1 ton 1 Ion 1 TRM1 1 TRMO 1 1 1 ADM1 | ADMOl 




1 CNT2 i CNT1 1 CNTO 1 COM4 | COM3 1 COM2 | COM1 i COMOl 




1 ARS 1 DT 1 DL 1 ADS 1 AD4 1 ADS 1 AD2 1 AD1 1 




1 EC7 1 EC6 I EC5 | EC4 | EC3 | EC2 [ EC1 | ECO | 
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DATA REGISTERS 

The data registers are used for data and command transfers between the GPIB and the 
microcomputer system. 



DI7 



DI6 



DI5 



DI4 I DI3 I DI2 I DI1 | DIP ] 



DATA IN (OR) 

Holds data sent from the GPIB to the computer 

BYTE OUT (OW) I B07 | 606 | 605 | B04 \ BQ3 | B02 | B01 | BOO] 

Holds information written into it for transfer to the GPIB 

INTERRUPT REGISTERS 

The interrupt registers are composed of interrupt status bits, interrupt mask bits, 
and some other noninterrupt related bits. 



READ 



INTERRUPT 
STATUS 1 [1R] 

INTERRUPT 
STATUS 2 [2R] 



INTERRUPT 
MASK 1 [1W] 

INTERRUPT 
MASK 2 [2W] 



|CPT 


] APT 


DET 


END 1 DEC 


; ERR 


DO 


1 Dl 1 




1 INT 


1 SRQI 


LOK 


REM 1 CO 


LOKC 


REMC 


i ADSC 1 


WRITE 


|CPT 


1 APT 


DET 


END 1 DEC 


ERR 


1 DO 


D, 




1 ° 


1 SRQI 


DMAO 


DMAI 1 CO 


LOKC 


REMC 


ADSC| 



There are thirteen factors which can generate an interrupt from theiuPD7210, each 
with their own status bit and mask bit. 

The interrupt status bits are always set to one if the interrupt condition is met. 
The interrupt mask bits decide whether the INT bit and the interrupt pin will be 
active for that condition. 

Interrupt Status Bits 




INT 


OR of All Unmasked Interrupt Status Bits 


CPT 


Command Pass Through 


APT 


Address Pass Through 


DET 


Device Trigger 


END 


End (END or EOS Message Received) 


DEC 


Device Clear 


ERR 


Error 


DO 


Data Out 


Dl 


Data In 


SRQI 


Service Request Input 


LOKC 


Lockout Change 


REMC 


Remote Change 


ADSC 


Address Status Change 


CO 


Command Output 



Noninterrupt Related Bits 



LOK 


Lockout 


REM 


Remote/ Local 


DMAO 


Enable/Disable DMA Out 


DMAI 


Enable/Disable DMA In 
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SERIAL POLL REGISTERS 



SERIAL POLL 
STATUS [3R] 



SERIAL POLL 
MODE [3W] 



|S8 


1 PENDJ 


S6 


S5 1 S4 


S3 


S2 


S, 


WRITE 


|S8 


rsv 


S6 


S5 1 S4 


S3 


S2 


SI 



The Serial Poll Mode register holds the STB (status byte: S8, S6-S1) sent over the 
GPIB and the local message rsv (request service). The Serial Poll Mode register 
may be read through the Serial Poll Status register. The PEND is set byrsv= 1, and 
cleared by NPRS*irsv= 1 (NPRS = Negative Poll Response State). 

ADDRESS MODE/STATUS REGISTERS 



ADDRESS STATUS [4R] 
ADDRESS MODE [4W] 



The Address Mode register selects the address mode of the device and also sets the 
mode for T/R3 and T/R2 the transceiver control lines. 

The functions of T/R2, T/R3 terminals (2 and 5) are determined as below by 
the TRM1, TRMO values of the address mode register. 



|cic 


ATN 


1 SPMS 


1 LPAS 


Itpas 


Ila 


1 TA 


MJMN 1 




1 ton 


1 Ion 


1 TRM1 


TRMO 


1 


1 


1 ADM1 


! ADMO 1 



T/R2 


T/R3 


TRM1 


TRMO 


EOIOE 


TRIG 








CIC 


TRIG 





1 


CIC 


EOIOE 


1 





CIC 


PE 


1 


1 



EOIOE = TACS + SPAS + CIC ■ CSBS 
This denotes the input/output of EOl terminal. 
When "V: Output 



When 
CIC "" 



'0": Input 



CIDS + CADS 

This denotes if the controller inteface function is active or not. 

When "V: ATN = outpu t, SRQ = input 
When "0": ATN = input, SRQ = output 

PE = CIC+PPAS 

This indicates the type of bus driver connected to DI08 to DI01 and DAV lines. 

When "^": 3 state type 

When "0": Open collector type 

TRIG: When DTAS state is initiated or when a trigger auxiliary command is 
issued, a high pulse is generated. 

Upon RESET, TRMO and TRM1 become "0" (TRMO = TRM1 = 0) and local 
message port is provided, so that T/R2 and T/R3 both become "LOW." 
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ton 


Ion 


ADM1 


ADMO 


ADDRESS 
MODE 


CONTENTS OF 

ADDRESS (0) 

REGISTER 


CONTENTS OF 

ADDRESS (1) 

REGISTER 


1 











Talk only 
mode 


Address Identification Not Necessary 
(No controller on the GPIB) 
Not Used 





1 








Listen only 
mode 











1 


Address mode 1 


Major talk address 
or Major listen 
address 


Minor talk address 
or Minor listen 
address 








1 





Addres§mode 2 


Primary address 
(talk or listen) 


Secondary address 
(talk or listen) 








1 


1 


Address mode 3 


Primary address 
(major talk or 
major listen) 


Primary address 
(minor talk or 
minor listen) 


Combinations other than above 
indicated Prohibited. 



Notes: (ai)— Either MTA or MLA reception is indicated by coincidence of either address with the 
received address. Interface function T or L. 



2)— Address register = primary. Address register 1 = secondary, interface function TE 
or LE. 

3)— CPU must read secondary address via Command Pass Through Register interface 
function (TE or LE). 



®- 



ADDRESS STATUS BITS 

ATN 

LPAS 

TPAS 

CIC 

LA 

TA 

MJMN 

SPMS 



Data Transfer Cycle (device in CSBS) 

Listener Primary Addressed State 

Talker Primary Addressed State 

Controller Active 

Listener Addressed 

Talker Addressed 

Sets minor T/L address Reset = Major T/L address 

Serial Poll Mode State 



ADDRESS REGISTERS 

ADDRESS 0[6R] \ X 1 DTP ) DLO j AD5-0 I AD4-0 j AD3-0 I AD2-0 j ADI^ 

ADDRESS 1 [7R] ) EOl I DTI | DL1 | AD5-1 I AD4-1 | AD3-1 | AD2-1 t AD1-1| 

ADDRESS 0/1 [6W] JARS j DT j PL I ADS I AD4 | AD3 { AD2 | AD1 | 

The TLC is able to automatically detect two types of addresses which are held in 
address registers and 1. The addressing modes are outlined below. 
Address settings are made by writing into the address 0/1 register. The function 
of each bit is described below. 

ADDRESS 0/1 REGISTER BIT SELECTIONS 

ARS — Selects which address register or 1 

DT — Permits or Prohibits address to be detected as Talk 

DL — Permits or Prohibits address to be detected as Listen 

AD5 — AD1 — Device address value 

EOI — Holds the value of EOI line when data is received 

COMMAND PASS THROUGH REGISTER 

COMMAND PASS ^ 

THROUGH [5R] | CPT7 | CPT6 | CPT5 | CPT4 | CPT3 | CPT2 | CPT1 | CPTOj 

The CPT register is used such that the CPU may read the DIG lines in the cases of 
undefined command, secondary address, or parallel poll response. 
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END OF STRING REGISTER 

END OF 



STRING [7W] |EC7 | ECS | ECS | EC4 | ECS | EC2 | EC1 | ECO | 



This register holds either a 7- or 8-bit EOS message byte used in the GPIB system to 
detect the end of a data block. Aux iVIode Register A controls the specific use of 
this register. 

AUXILIARY MODE REGISTER 

AUXILIARY ' 

MODE [5W] I CNT2 | CNT1 | CNTO [ COM4 | COM3 | COM2 [ C0M1 | COMO | 

This is a multipurpose register. A write to this register generates one of the following 
operations according to the values of the CNT bits. 



CNT 
2 1 


4 


3 


COM 
2 


1 





OPERATION 





C4 


C3 


C2 


Cl 


Co 


Issues an auxiliary command specified by 
C4 to Cq. 


1 





Fa 


F2 


Fl 


FO 


The reference clock frequency is specified 
and Ti, Tq, Tj, Tg are determined as a 
result. 


1 1 


u 


s 


P3 


P2 


Pi 


Makes write operation to the parallel poll 
register. 


1 


A4 


A3 


A2 


Ai 


AO 


Makes write operation to the aux. (A) 
register. 


1 1 


B4 


B3 


B2 


Bl 


Bo 


Makes write operation to the aux. (B) 
register. 


1 1 











El 


EO 


Makes write operation to the aux. (E) 
register. 



AUXILIARY COMMANDS C4 C3 C2 C^ Cq 



COM 



43210 




00000 


iepo 


00010 


erst 


00011 


rrfd 


00100 


trig 


00101 


rtl 


00110 


seoi 


00111 


nvid 



01111 



vid 



0X001 


sppf 


10000 


gts 


10001 


tea 


10010 


tcs 


11010 


tcse 


10011 


Itn 


11011 


Itnc 


11100 


lun 


11101 


epp 


1X110 


sifc 


1X111 


sren 


10100 


dsc 



Immediate Execute pon - Generate local 

pon Message 

Chip Reset — Same as External Reset 

Release RFD 

Trigger 

Return to Local Message Generation 

Send EOl Message 

Non Valid (OSA reception) - Release DAC 

Holdoff 

Valid (MSA reception, CPT, DEC, DET) - 

Release DAC Holdoff 

Set/Reset Parallel Poll Flag 

Go To Standby 

Take Control Asynchronously 

Take Control Synchronously 

Take Control Synchronously on End 

Listen 

Listen with Continuous Mode 
Local Unlisten 
Execute Parallel Poll 
Set/ Reset IPC 
Set/ Reset REN 
Disable System Control 
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INTERNAL COUNTER 1 F3 F2 Fi Fq 

The internal counter generates the state change prohibit times (T-), Tg, T7, Tg) 
specified in the IEEE std 488-1978 with reference to the clock frequency. 

AUXILIARY A REGISTER 1 A4 A3 A2 Ai Aq 

Of the 5 bits that may be specified as part of its access word, 2 bits control the 
GPIB data receiving modes of the 7210 and 3 bits control how the EOS message is 
used. 



Al 


AO 


DATA RECEIVING MODE 








Normal Handshake Mode 





1 


RFD Holdoff on all Data Modes 


1 





RFDHoldoff on End Mode 


1 


1 


Continuous Mode 



BIT 

NAME 


FUNCTION 


A2 





Prohibit 


Permits (prohibits) the setting of the END bit 
by reception of the EOS message. 

Permits (prohibits) automatic transmission of 
END message simultaneously with the trans- 
mission of EOS message TAGS. 

Makes the 8 bits/7 bits of EOS register the 
valid EOS message. 


1 


Permit 


A3 





Prohibit 


1 


Permit 


A4 





7 bit EOS 


1 


8 bit EOS 



AUXILIARY B REGISTER 1 1 84 B3 82 Bi Bq 

The Auxiliary B Register is much like the A Register in that it controls the special 
operating features of the device. 



BIT 

NAME 


FUNCTION 


Bo 


1 


Permit 


Permits (prohibits) the detection of undefined 
command. In other words, it permits (pro- 
hibits) the setting of the CPT bit on reception 
of an undefined command. 





Prohibit 


Bl 


1 


Permit 


Permits (prohibits) the transmission of the 
END message when in serial poll active state 
(SPAS). 





Prohibit 


B2 


1 


Tl 
(high-speed) 


Tl (high speed) as Ti of handshake after 
transmission of 2nd byte following data 
transmission. 





Tl 
(low-speed) 


B3 


1 


INT 


Specifies the active level of INT pin. 





INT 


84 


1 


ist = SRQS 


SRQS indicates the value of ist level local 
message (the value of the parallel poll flag 
is ignored). 

SRQS= 1 ... ist = 1. 

SRQS = ... ist = 0. 





ist = Parallel 
Poll Flag 


The value of the parallel poll flag is taken 
as the ist local message. 
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AUXILIARY E REGISTER 1 1 E^ Eq 

This register controls the Data Acceptance Modes of the TLC. 



BIT 


FUNCTION 1 


EO 


1 


Enable 


DAC Holdoff by initiation of DCAS 





Disable 


El 


1 


Enable 


DAC Holdoff by initiation of DTAS 





Disable 



Parallel Poll Register 1 1 U S P3 P2 Pi 

The Parallel Poll Register defines the parallel poll response of the)uPD7210. 






1 


1 u 


s P3 


P2 


Pi 



SPECIFYING STATUS BIT 
"output line (DIOI to DI08) 

SPECIFYING STATUS BIT 
'POLARITY 

S= 1 : IN PHASE 

S = 0: REVERSE PHASE 

( U = 1 : NO RESPONSE TO PARALLEL POLL 
^U = • RESPONSE TO PARALLEL POLL 
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MINIMUM 8085 SYSTEM 
WITH MPD7210 



^ 




C 



c 



CE 

TIMER IN 
RESET 15 
ALE S 

WR S 

RD 
lO/M 



A AD7.8 



N 1/ S 



I I I I I I 



iz: 



-V 



cs s 

CLOCK < ^ 
RESET II f 
WR o H 

RD 



^D.^ 



N RS2^ 



it a 

LU 

< 



« 



o« 



B 



< 



12 |Q 15 

;^ IOC 15 



IJ4 H ^ 

< o o 
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MPD7210 






MC3448AX4 


( 


dTo7 
dtoI 

dTo^I 






DATA A BUS A 
DATA B BUS B 
DATA C BUS C 
DATA D BUS D 

s/Ra-d pea-d 




















-1 














DATA A BUS A 
DATA B BUS B 
DATA C BUS C 
DATA D BUS D 
S/Ra-D pea-d 






























T/Ri 
T/R3 (EOIOE) 

Sav 

NDAC 

T/R2 (CIO 
SITS" 

aTtT 

r6n 






- 




















s/Ra 

data a bus a 

S/Rb 

DATAB BUSB 

S/Rc 

DATA C BUS C 

S/Rd 

data d bus d 
pea-d 




















































- 












. IS*. 




S/Ra 

DATA A BUS A 
S/Rb 

DATA B BUS B 
S/Rc 

DATA C BUS C 
S/Rd 

DATA D BUS D 
PEa-D 








IP* 
























. ' 








IPC 








- 












T 

'"L 




" 


." 



GPIB 

DlOg 
DIO7 

DiOe 
DI05 



DI04 
DI03 
DI02 
D101 



EOl 
DAV 
NRFD 
NDAC 



SRQ 
ATN 
REN 
IFC 



MINIMUM 8085 SYSTEM 
WITH)uPD7210{CONT.) 



Note: In this example, high-speed data transfer cannot be made since the bus 
transceiver is of the open collector type (Set B2 = 0). 



DiOs 
0757 
5Toi 

DR5i 
Dio^ 

Dl^ 

Dial 

T/R3 (PE) 
MPD7210 T/Ri 



T/R2 (CIO 
SRQ 

atW 

EUI 

DAV 

NRFD 

ivi^DAC 

iF5 
REN 



B7 
B6 
B5 
SN75160 ^4 
B3 
B2 
Bl 



>QPIB 



-o- 



TE 
DC 

SRQ 

ATN 

EOl SN75161 

DAV 

NRFD 

NDAC 

IFC 

REN 



Note: In the case of low-speed data transfer (B2 = 0), the T/R3 pin can be used as a 
TRIG output. The PE input of SN75160 should be cleared to "0." 
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ABSOLUTE MAXIMUM 
RATINGS 



(Ta = 25°C) 



Parameter 


Symbol 


Test Conditions 


Ratings 


Unit 


Supply Voltage 


vcc 




-0.5 - + 7.0 


V 


Input Voltage 


V| 




-0.5 ~ +7.0 


V 


Output Voltage 


vo 




-0.5 ~ +7.0 


V 


Operating Temperature 


Topt 




0~+70 


*'C 


Storage Temperature 


"•"stg 




-65- +125 


''C 



DC CHARACTERISTICS (Ta = o~+70°c, Vcc = 5V± io%) 



Parameter 


Symbol 


Test Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Input Low Voltage 


V|L 




-0.5 




+0.8 


V 


Input High Voltage 


V|H 




+2.0 




Vcc + 0.5 


V 


Low Level 

Output Voltage 


Vol 


l0L = 2 mA 
(4mA:T/R1 Pin) 






+0.45 


V 


High Level 

Output Voltage 


V0H1 


IoH=-400mA 
(Except INT) 


+2.4 






V 


High Level 

Output Voltage 
(INT Pin) 


V0H2 


IOH=-400mA 
Ioh=-50mA 


+2.4 
+3.5 






V 


Input Leakage 
Current 


«IL 


V,N = OV -^ Vcc 


-10 




+10 


mA 


Output Leakage 
Current 


«0L 


VoUT = 0.45V - Vcc 


-10 




+10 


ma 


Supply Current 


•cc 








+180 


mA 



B 



CAPACITANCE (Tg = 25" c, Vcc = gnd = ov) 



Parameter 


Symbol 


Test Conditions 


Limits 


Unit 


Min. 


Typ 


Max 


Input Capacitance 


C|N 


f = 1 MHz 

All Pins Except Pin Under 
Test Tied to AC Ground 






10 


pF 


Output Capacitance 


COUT 






15 


PF 


I/O Capacitance 


C|/0 






20 


pF 
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(Ta = 0~70°C,Vcc = 


5V ±10%) 










Parameter 


Symbol 


Conditions 


Limits 


Unit 


^/lin 


Max 


ioTl-*DIO 


tEODI 


PPSS -* PPAS, ATN = True 




250 


ns 


E0U-*T/R1t 


tEOT1 1 


PPSS -* PPAS, ATN = True 




155 


ns 


E0rf-*T/R1>| 


tE0T12 


PPAS -> PPSS, ATN = False 




200 


ns 


ATNI -» NDACI 


tATND 


AIDS -»■ AN RS, LIDS 




155 


ns 


ATN|-*T/RU 


tATTI 


TAGS + SPAS -* TADS, CIDS 




155 


ns 


ATN|->T/R2i 


tATT2 


TAGS + SPAS - TADS, C IDS 




200 


ns 


DAV4 -* DMAREQ 


tDVRQ 


AGRS -* AGDS, LAGS 




600 


ns 


DAV|-*NRFD4 


tDVNRI 


AGRS-^AGDS 




350 


ns 


DAVl-i-NDACt 


tDVNDI 


AGRS -> AGDS -* AWNS 




650 


ns 


DAVt -* NDAC4 


tDVND2 


AWNS-»-ANRS 




350 


ns 


DAVt->NRFDt 


tDVNR2 


AWNS -> ANRS -♦ AGRS 




350 


ns 


RDi->NRFDt 


tRNR 


ANRS-*AGRS 
LAGS, Dl reg. selected 




500 


ns 


NDACt-'-DMAREQt 


tNDRQ 


STRS -* SWNS -* SONS, TAGS 




400 


ns 


NDACt-^DAVt 


tNDDV 


STRS-H-SWNS-^SGNS 




350 


ns 


WRt-*DIO 


twbi 


SGNS-^SDYS, BO 
reg. selected 




250 


ns 


NRFDt-*DAV4 


tNRDV 


SDYS -* STRS, Ti = True 




350 


ns 


WRt -► DAV4 


tWDV 


SGNS -> SDYS -> STRS 
BO reg, selected, RFD = True 
NF = fc = 8MH2, 
T-, (High Speed) 




830 
+tSYNG 


ns 


TRIG 
Pulse Width 


tTRIG 




50 




ns 



AC CHARACTERISTICS 
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AC CHARACTERISTICS 
(CONT.) 



(Tg = ~ 70** C, Vcc = 5V ± 10%) 



Parameter 


Symbol 


Test Conditions 


Limits 


Unit 


Min 


Max 


Address Setup to RD 


tAR 


RSO ~ RS2 


85 




ns 


CS 







ns 


Address Hold from RD 


tRA 









ns 


RD Pulse Width 


tRR 




170 




ns 


Data Delay from Address 


tAD 






250 


ns 


Data Delay from RD4- 


tRD 






150 


ns 


Output Float Delay from RDt 


tDF 







80 


ns 


RD Recovery Time 


tRV 




250 




ns 




Address Setup to WR 


tAW 









ns 


Address Hold from WR 


tWA 









ns 


WR Pulse Width 


tww 




170 




ns 


Data Setup to WR 


tDW 




150 




ns 


Data Hold from WR 


tWD 









ns 


WR Recovery Time 


tRV 




250 




ns 



DM AREQI Delay from DMAACK 


tAKRQ 






130 


ns 




tAKD 






200 


ns 


Data Delay from DMAACK 
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TIMING WAVEFORMS 



CS, RS2 ~ 



DMAREQ 



:x 



-tAR ■ 



\ 



■tRR- 



■ tRD- 



D7~o X / // / ^^^^ ^^P^'^f^k'^ / / y^^K ^^''^ X/0^^'^'1'^p4"4^C^ 



"tAD- 



"s. 



-tAKD- 



}C 



/ 



-tRA- 



-tRV • 



K- 



tDF 



h 



-tAKRQ- 



y 



^. 



CS, RS2 ~ 



WR 



D7~0 



X 



-tAW- 



t 



-tww- 



K 



DC 



■tDW- 



/ 



-tWA- 



-tRV" 



-♦tWD"* 



Dt 



^ 



Package Outlines 

For information, see Paclcage Outline Section 7. 



Plastic, |xPD7210C 
Ceramic, |xPD7210D 



7210DS-REV2-7-83-CAT 
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M^PD7220/GDC 

|ULPD7220-1/fxPD7220-2 

GRAPHICS DISPLAY 

CONTROLLER 



Description 

The |fiPD7220 Graphics Display Controller (GDC) is an 
intelligent microprocessor peripheral designed to be the 
heart of a high-performance raster-scan computer graphics 
and character display system. Positioned between the 
video display memory and the microprocessor bus, the 
GDC performs the tasks needed to generate the raster 
display and manage the display memory Processor soft- 
ware overhead is minimized by the GDC's sophisticated 
instruction set, graphics figure drawing, and DMA transfer 
capabilities. The display memory supported by the GDC 
can be configured in any number of formats and sizes up to 
256K 16-bit words. The display can be zoomed and pan- 
ned, while partitioned screen areas can be independently 
scrolled. With its light pen input and multiple controller 
capability, the GDC is ideal for advanced computer 
graphics applications. 

For a more detailed description of the GDC's operation, 
please refer to the GDC Design Manual. 
System Considerations 
The GDC is designed to work with a general purpose 
microprocessor to implement a high-performance 
comjputer graphics system. Through the division of labor 
established by the GDC's design, each of the system com- 
ponents is used to the maximum extent through six-level 
hierarchy of simultaneous tasks. At the lowest level, the 
GDC generates the basic video raster timing, including 
sync and blanking signals. Partitioned areas on the screen 
and zooming are also accomplished at this level. At the 
next level, video display memory Is modified during the 
figure drawing operations and data moves. Third, display 
memory addresses are calculated pixel by pixel as drawing 
progresses. Outside the GDC at the next level, preliminary 
calculations are done to prepare drawing parameters. At 
the fifth level, the picture must be represented as a list of 
graphics figures drawable by the GDC. Finally, this repre- 
sentation must be manipulated, stored, and communi- 
cated. By handling the first three levels, the GDC takes 
care of the high-speed and repetitive tasks required to 
implement a graphics system . 



Features 

D Microprocessor Interface 

DMA transfers with 8257- or 8237-type controllers 

FIFO Command Buffering 
D Display Memory Interface 

Up to 256K words of 16 bits 

Read-Modify- Write (RMW) Display Memory cycles 

in under 800ns 

Dynamic RAM refresh cycles for nonaccessed memory 
n Light Pen Input 

D External video synchronization mode 
D Graphics Mode 

Four megabit, bit-mapped display memory 
D Character Mode 

8K character code and attributes display memory 
D Mixed Graphics and Character Mode 

64K if all characters 

1 megapixel if all graphics 
D Graphics Capabilities 

Figure drawing of lines, arc/circles, rectangles, and 

graphics characters in 800ns per pixel 

Display 1024-by-1024 pixels with 4 planes of color 

or grayscale 

Two independently scrollable areas 
D Character Capabilities 

Auto cursor advance 

Four independently scrollable areas 

Programmable cursor height 

Characters per row: up to 256 

Character rows per screen: up to 100 
D Video Display Format 

Zoom magnification factors of 1 to 16 

Panning 

Command-settable video raster parameters 
D Technology 

Single +5 volt, NMOS, 40-pin DIP 
D DMA Capability 

Bytes or word transfers 

4 clock periods per byte transferred 
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Pin Configuration 



2XWCLK C 


1 ^ 


^ 40 3 Vcc 


bm L 


2 


39 


1 A17 


HSYNC C 


3 


38 


3 A16 


XT SYNC C 


4 uPD 37 

5 fg'O 3® 


D AD15 


BLANK C 


3 AD14 


ALE C 


6 ^^ 


35 


D AD13 




7 


34 


3 AD12 


DACK C 


8 


33 


2 AD11 


fiiltjf" C 


9 


32 


2 AD10 


WR C 


10 


31 


1 AD9 


AO C 


11 


30 


3 AD8 


DBO C 


12 


29 


3 AD7 


081 C 


13 


28 


3 ADO 


DB2 C 


14 


27 


1 ADS 


DBS C 


15 


26 


3 AD4 


DB4 C 


16 


25 


1 AD3 


DBS C 


17 


24 


3 AD2 


DB6 C 


18 


23 


3 AD1 


DB7 C 19 


22 


1 ADO 


GND C 20 


21 


D LPEN 



Pin identification 



Character Mode Pin Utilization 





Pin 


Oiroetion 




No. 


Symbol 


Function 


1 


2XWCLK 


IN 


wiocK inpui 


2 


5BiN 


OUT 




3 


HSYNC 


OUT 


Horizontal Video Sync Output 




V/EXTSYNC 


IN/OUT 


Vertical Video Sync Output or External VSYNC Input 




BLANK 


OUT 


CRT Blanking Output 




ALE(R^ 


OUT 


Address Latch Enable Output 




DRQ 


OUT 


OIMA Request Output 




BaEFT 


rN 


DMA Aclcnowledge Input 




m 


IN 


Read Strobe Input for Microprocessor Interface 


10 


WR 


IN 


Write Strobe Input for Microprocessor Interface 


11 


AO 


IN 




12-19 


DBO to 7 


IN/OUT 


Bidirectional Data Bus to Host Microprocessor 


20 


GND 


— 


Ground 


21 


LPEN 


IN 


Light Pen Detect Input 


22-34 


ADO to 12 


IN/OUT 


Address and Data Lines to Display Memory 


35-37 


AD13to15 


IN/OUT 


Utilization Varies with Mode of Operation 


38 


A16 


OUT 


Utilization Varies with Mode of Operation 


39 


A17 


OUT 


Utilization Varies with Mode of Operation 


40 


Vcc 


- 


+ SV±10% 



Biocic Diagram 



Pin 


Direction 




No. Name 


Function 


35-37 AD13tOl5 


OUT 


Line Counter Bits to 2 Outputs 


38 A16 


OUT 


Line Counter Bit 3 Output 


39 A17 


OUT 


Cursor Output and Line Counter Bit 4* 


Mixed Mode Pin Utilization 


Pin 


Direction 




No. Name 




35-37 AD13to15 


IN/OUT Address and Data Bits 1 3 to 1 5 


38 A16 


OUT Attribute Bllnit and Clear Line Counter* Output 


39 A17 


OUT Cursor and Bit-Map Area* Flag Output 



*Output 10 clock cycles after trailing edge of HSYNC. See figure for 
timing example. 

Graphics Mode Pin Utilization 





Pin 


Direction 




No. 


Name 


Function 


35-37 


AD13tOl5 


IN/OUT 


Address and Data Bits 13 to 15 


38 


A16 


OUT 


Address Bit 16 Output 


39 


A17 


OUT 


Address Bit 17 Output 



DREQO— 
DACKO-* 


DIWA 
Control 














Video Sync 
Generator 


-*-0 HSYNC 


«— 


- 


-^V/EXTSYNC 




1 - 

N 

T 

E 

R 

N 

A- 

L 

8 




-MS BLANK 












-0to7<3;) 

A-Oo— 
RDO-» 


Microprocessor 

Interface 

with 

Status Reg 

DATA READ Reg. 




I 


8 
U 

F 
F 
E 
R 


- 


Memory 

Timing 

Generator 


-^ALE 
-^DBIN 


WRO— 














Zoom & Pan 
Controller 






FIFO 
Buffer 
16x9 








riJ 












Drawing 
Controller 






Command 

Processor 

with 

Control ROM 

128x14 












•*- 


B 


Display 

Memory 

Controller 

with 

Refresh Counter 

Line Counter 

RMW Data Path 








T 

B 

U^ 

S 


-*OA-17 

-»oA-16 

-*oAD-15 

•»oAD-14 

•»oAD-13 










Parameter 
RAM 
16x8 






■*■*■ 


^AD-0to12 
















+ 5V0 ► 


Light Pen 

Deghtch and 

Register 

Logic 


*-oLPEN 


WCLKO ► 
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GDC Components 

Microprocessor Bus Interface 

Control of the GDC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. The status 
register is readable at any time. Access to the FIFO buffer 
is coordinated through flags in the status register and oper- 
ates independently of the various internal GDC operations, 
due to the separate data bus connecting the interface and 
the FIFO buffer. 

Command Processor 

The contents of the FIFO are interpreted by the command 
processor. The command bytes are decoded, and the 
succeeding parameters are distributed to their proper 
destinations within the GDC. The command processor 
yields to the bus interface when both access the FIFO 
simultaneously. 

DMA Control 

The DMA control circuitry in the GDC coordinates trans- 
fers over the microprocessor interface when using an exter- 
nal DMA controller. The DMA Request and Acknowledge 
handshake lines directly interface with a /LtPD8257 or 
)LtPD8237 DMA controller, so that display data can be 
moved between the microprocessor memory and the dis- 
play memory. 

Parameter RAM 

The 16-byte RAM stores parameters that are used 
repetitively during the display and drawing processes. In 
character mode, this RAM holds four sets of partitioned 
display area parameters; in graphics mode, the drawing 
pattern and graphics character take the place of two of the 
sets of parameters. 

Video Sync Generator 

Based on the clock input, the sync logic generates 
the raster timing signals for almost any interlaced, non- 
interlaced, or "repeat field" interlaced video format. The 
generator is programmed during the idle period following 
a reset. In video sync slave mode, it coordinates timing 
between multiple GDCs. 

Memory Timing Generator 

The memory timing circuitry provides two memory cycle 
types: a two-clock period refresh cycle and the read- 
modify-write (RMW) cycle which takes four clock periods. 
The memory control signals needed to drive the display 
memory devices are easily generated from the GDC's ALE 
and DBIN outputs. 

Zoom & Pan Controller 

Based on the programmable zoom display factor and the 
display area entries in the parameter RAM, the zoom and 
pan controller determines when to advance to the next 
memory address for display refresh and when to go on to 
the next display area. A horizontal zoom is produced by 
slowing down the display refresh rate while maintaining the 
video sync rates. Vertical zoom is accomplished by repeat- 
edly accessing each line a number of times equal to the 
horizontal repeat. Once the line count for a display area is 



exhausted, the controller accesses the starting address 
and line count of the next display area from the parameter 
RAM. The system microprocessor, by modifying a display 
area starting address, can pan in any direction, indepen- 
dently of the other display areas. 

Drawing Controller 

The drawing processor contains the logic necessary to 
calculate the addresses and positions of the pixels of the 
various graphics figures. Given a starting point and the 
appropriate drawing parameters, the drawing controller 
needs no further assistance to complete the figure drawing. 

Display Memory Controller 

The display memory controller's tasks are numerous. Its 
primary purpose is to multiplex the address and data Infor- 
mation in and out of the display memory. It also contains 
the 16-bit logic unit used to modify the display memory 
contents during RMW cycles, the character mode line 
counter, and the refresh counter for dynamic RAMs. The 
memory controller apportions the video field time between 
the various types of cycles. 

Light Pen Deglitcher 

Only if two rising edges on the light pen input occur at the 
same point during successive video fields are the pulses 
accepted as a valid light pen detection. A status bit indi- 
cates to the system microprocessor that the light pen 
register contains a valid address. 

Programmer's View of GDC 

The GDC occupies two addresses on the system micro- 
processor bus through which the GDC's status register and 
FIFO are accessed. Commands and parameters are writ- 
ten into the GDC's FIFO and are differentiated based on 
address bit AO. The status register or the FIFO can be read 
as selected by the address line. 




AO 


READ 


WRITE 1 







Status Register 






Parameter Into FIFO 






1 1 i 1 1 1 1 






1 1 1 1 1 1 1 
















1 




FIFO Read 






Command Into FIFO 




1 1 1 1 1 1 i 


1 1 1 1 1 1 1 











GDC Microprocessor Bus Interface Registers 

Commands to the GDC take the form of a command byte 
followed by a series of parameter bytes as needed for 
specifying the details of the command. The command pro- 
cessor decodes the commands, unpacks the parameters, 
loads them into the appropriate registers within the GDC, 
and initiates the required operations. 

The commands available in the GDC can be organized into 
five categories as described In the following section. 
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GDC Command Summary 

Video Control Commands 

1. RESET Resets the GDC to its idle state. 

2. SYNC Specifies the video display format. 

3. VSYNC Selects master or slave video synchro- 

nization mode. 

4. CCHAR Specifies the cursor and character row 

heights. 

Display Control Commands 

1 . START Ends Idle mode and unblanks 

the display 

2. BCTRL Controls the blanking and unblanking of 

the display 

3. ZOOM Specifies zoom factors for the display 

and graphics characters writing. 

4. CURS Sets the position of the cursor in 

display memory 

5. PRAM Defines starting addresses and lengths 

of the display areas and specifies the 
eight bytes for the graphics character. 

6. PITCH Specifies the width of the X dimension 

of display memory. 



Drawing Control Commands 


1. WDAT 


Writes data words or bytes into 




display memory 


2. MASK 


Sets the mask register contents. 


3. FIGS 


Specifies the parameters for the 




drawing controller. 


4. FIGD 


Draws the figure as specified above 


5. GCHRD 


Draws the graphics character into 




display memory 



Data Read Commands 

1. RDAT: Reads data words or bytes from 

display memory 

2. CURD: Reads the cursor position. 

3. LPRD: Reads the light pen address. 

DMA Control Commands 

1. DMAR Requests a DMA read transfer. 

2. DMAW Requests a DMA write transfer. 



Status Register Flags 



7 6 5 4 3 2 1 



t_ 



Data Ready 

- FIFO Full 
-FIFO Empty 

- Drawing in Progress 
-DMA Execute 



-Vertical Sync Active 
- Horizontal Blank Active 



- Light Pen Detect 



Status Register (SR) 



SR-7: Light Pen Detect 

When this bit is set to 1 , the light pen address (LAD) 
register contains a deglitched value that the systerh micro- 
processor may read. This flag is reset after the 3-byte 
LAD is moved into the FIFO in response to the light pen 
read command. 

SR-6: Horizontal Blanking Active 

A 1 value for this flag signifies that horizontal retrace blank- 
ing is currently underway 

SR-5: Vertical Sync 

Vertical retrace sync occurs while this flag is a 1 . The 
vertical sync flag coordinates display format modifying 
commands to the blanked interval surrounding vertical 
sync. This eliminates display disturbances. 

SR-4: DMA Execute 

This bit is a 1 during DMA data transfers. 

SR-3: Drawing in Progress 

While the GDC is drawing a graphics figure, this 
status bit is a 1. 

SR-2: FIFO Empty 

This bit and the FIFO Full flag coordinate system micro- 
processor accesses with the GDC FIFO. When it is 1 , the 
Empty flag ensures that all the commands and parameters 
previously sent to the GDC have been interpreted. 

SR-1: FIFO Full 

A 1 at this flag indicates a full FIFO in the GDC. A ensures 
that there is room for at least one byte. This flag needs to 
be checked before each write into the GDC. 

SR-0: Data Ready 

When this flag is a 1 , it indicates that a byte is available to 
be read by the system microprocessor. This bit must be 
tested before each read operation. It drops to a while the 
data is transferred from the FIFO into the microprocessor 
interface data register. 



FIFO Operation & Command Protocol 

The first-in, first-out buffer (FIFO) in the GDC handles the 
command dialogue with the system microprocessor. This 
flow of information uses a half-duplex technique, in which 
the single 16-location FIFO is used for both directions of 
data movement, one direction at a time. The FIFO's direc- 
tion is controlled by the system microprocessor through 
the GDC's command set. The host microprocessor coordi- 
nates these transfers by checking the appropriate status 
register bits. 

The command protocol used by the GDC requires differen- 
tiation of the first byte of a command sequence from the 
succeeding bytes. The first byte contains the operation 
code and the remaining bytes carry parameters. Writing 
into the GDC causes the FIFO to store a flag value along- 
side the data byte to signify whether the byte was written 
into the command or the parameter address. The com- 
mand processor in the GDC tests this bit as it interprets the 
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entries in the FIFO. 

The receipt of a command byte by the command processor 
marks the end of any previous operation. The number of 
parameter bytes supplied with a command is cut short by 
the receipt of the next command byte. A read operation 
from the GDC to the microprocessor can be terminated at 
any time by the next command. 
The FIFO changes direction under the control of the sys- 
tem microprocessor. Commands written into the GDC 
always put the FIFO into write mode if it wasn't in it already. 
If it was in read mode, any read data in the FIFO at the time 
of the turnaround is lost. Commands which require a GDC 
response, such as RDAT, CURD and LPRD, put the FIFO 
into read mode after the command is interpreted by the 
GDC's command processor. Any commands and param- 
eters behind the read-evoking command are discarded 
when the FIFO direction is reversed. 

Read-Modif y-Write Cycle 

Data transfers between the GDC and the display memory 
are accomplished using a read-modify-write (RMW) mem- 
ory cycle. The four clock period timing of the RMW cycle is 
used to: 1) output the address, 2) read data from the mem- 
ory, 3) modify the data, and 4) write the modified data back 
into the initially selected memory address. This type of 
memory cycle is used for all interactions with display mem- 
ory including DMA transfers, except for the two clock 
period display and RAM refresh cycles. 

The operations performed during the modify portion of the 
RMW cycle merit additional explanation. The circuitry in the 
GDC uses three main elements: the Pattern register, the 
Mask register, and the 16-blt Logic Unit. The Pattern regis- 
ter holds the data pattern to be moved into memory. It is 
loaded by the WDAT parameters or, during drawing, from 
the parameter RAM. The Mask register contents determine 
which bits of the read data will be modified. Based on the 
contents of these registers, the Logic Unit performs the 
selected operations of REPLACE, COMPLEMENT SET or 
CLEAR on the data read from display memory. 

The Pattern register contents are ANDed with the Mask 
register contents to enable the actual modification of the 
memory read data, on a bit-by-bit basis. For graphics draw- 
ing, one bit at a time from the Pattern register is combined 
with the Mask. When ANDed with the bit set to a 1 in the 
Mask register, the proper single pixel is modified by the 
Logic Unit. For the next pixel in the figure, the next bit in the 
Pattern register is selected and the Mask register bit is 
moved to identify the pixel's location within the word. The 
Execution word address pointer register, EAD, is also 
adjusted as required to address the word containing the 
next pixel. 

In character mode, all of the bits in the Pattern register are 
used in parallel to form the respective bits of the modify 
data word. Since the bits of the character code word are 
used In parallel, unlike the one-blt-at-a-time graphics draw- 
ing process, this facility allows any or all of the bits in a 
memory word to be modified in one RMW memory cycle. 
The Mask register must be loaded with 1s in the positions 
where modification is to be permitted. 

The Mask register can be loaded in either of two ways. In 
graphics mode, the CURS command contains a four-bit 



dAD field to specify the dot address. The command pro- 
cessor converts this parameter into the one-of-16 format 
used in the Mask register for figure drawing. A full 16 bits 
can be loaded into the Mask register using the MASK com- 
mand. In addition to the character mode use mentioned 
above, the 16-bit MASK load is convenient in graphics 
mode when all of the pixels of a word are to be set to the 
same value. 

The Logic Unit combines the data read from display 
memory, the Pattern Register, and the Mask register to 
generate the data to b6 written back into display memory. 
Any one of four operations can be selected: REPLACE, 
COMPLEMENT CLEAR or SET In each case, if the 
respective Mask bit Is 0, that particular bit of the read data 
is returned to memory unmodified. If the Mask bit is 1, the 
modification is enabled. With the REPLACE operation, the 
Pattern Register data simply takes the place of the read 
data. for modification enabled bits. For the other three oper- 
ations, a In the modify data allows the read data bit to be 
returned to memory. A 1 value causes the specified opera- 
tion to be performed in the bit positions with set Mask bits. 

Figure Drawing 

The GDC draws graphics figures at the rate of one pixel 
per read-modify-write (RMW) display memory cycle. These 
cycles take four clock periods to complete. At a clock fre- 
quency of 5MHz, this is equal to 800ns. During the RMW 
cycle the GDC simultaneously calculates the address and 
position of the next pixel to be drawn. 
The graphics figure drawing process depends on the 
display memory addressing structure. Groups of 16 hori- 
zontally adjacent pixels form the 16-bit words which are 
handled by the GDC. Display memory is organized as 
a linearly addressed space of these words. Addressing 
of individual pixels is handled by the GDC's internal 
RMW logic. 

During the drawing process, the GDC finds the next pixel 
of the figure which is one of the eight nearest neighbors of 
the last pixel drawn. The GDC assigns each of these eight 
directions a number from to 7, starting with straight down 
and proceeding counterclockwise. 

o^o p 

•\M /' 

o o o 

Drawing Directions V«y \-^ ^^ 

Figure drawing requires the proper. manipulation of the 
addl-ess and the pixel bit position according to the drawing 
direction to determine the next pixel of the figure. To move 
to the word above or below the current one, it is necessary 
to subtract or add the number of words per line In display 
memory. This parameter is called the pitch. To move to the 
word to either side, the Execute word address cursor, EAD, 
must be incremented or decremented as the dot address 
pointer bit reaches the LSB or the MSB of the Mask regis- 
ter. To move to a pixel within the same word, it is necessary 
to rotate the dot address pointer register to the right or left. 



n 
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The table below summarizes these operations for each 
direction. 

Dl^ Operations to Address the Next Pixel 

000 EAD-H P-*EAD 

nm EAD + P^EAD 
^ dAP (MSB) = 1 :EAD + 1 ^ EAD dAD ^ LR 

010 dAD (MSB) = 1 ;EAD + 1 ^ EAD dAD -> LR 

EAD -P- EAD 

dAD (MSB) = 1 :EAD + 1 ^ EAD dAD ^ LR 

_^ JOO EAD -P^ EAD 

101 EAD-P-.EAD 
dAD (LSB) = 1 :EAD - 1 -* EAD dAD ^ RR 

110 dAD (LSB) = 1 tEAD - 1 ^ EAD dAD -^ RR 

... EAD + P^ EAD 

" dAD (LSB) = 1 :EAD - 1 -> EAD dAD -* RR 

Where P = Pitch, LR = Left Rotate, RR = Right Rotate, 
EAD = Execute Word Address, and 
dAD = Dot Address stored in the Mask Register 

Whole word drawing is useful for filling areas in memory 
with a single value. By setting the Mask register to all 1s 
with the MASK command, both the LSB and MSB of the 
dAD will always be 1, so that the EAD value will be incre- 
mented or decremented for each cycle regardless of 
direction. One RMW cycle will be able to effect all 16 bits of 
the word for any drawing type. One bit in the Pattern regis- 
ter is used per RMW cycle to write all the bits of the word 
to the same value. The next Pattern bit is used for the 
word, etc. 

For the various figures, the effect of the initial direction 
upon the resulting drawing is shown below: 



^ 



-m 



K7 



C:. 



z:^ 



S:^ 



^'^■j 



Rectangle 



□ 



□ 



□ 



W 



N^ 



Note that during line drawing, the angle of the line may be 
anywhere within the shaded octant defined by the DIR 
value. Arc drawing starts in thadirection initially specified . 
by the DIR value and veers into an arc as drawing pro- 
ceeds. An arc may be up to 45 degrees in length. DMA 
transfers are done on word boundaries only, and follow 
the arrows indicated in the table to find successive word 
addresses. The slanted paths for DMA transfers indicate 
the GDC changing both the X and Y components of the 



word address when moving to the next word. It does not 
follow a 45 degree diagonal path by pixels. 

Drawing Parameters 

In preparation for graphics figure drawing, the GDC's Draw- 
ing Processor needs the figure type, direction and drawing 
parameters, the starting pixel address, and the pattern 
from the microprocessor. Once these are in place within 
the GDC, the Figure Draw command, FIGD, initiates the 
drawing operation. From that point on, the system micro- 
processor is not involved in the drawing process. The GDC 
Drawing Controller coordinates the RMW circuitry and 
address registers to draw the specifed figure pixel by pixel. 
The algorithms used by the processor for figure drawing 
are designed to optimize its drawing speed. To this end, the 
specific details about the figure to be drawn are reduced 
by the microprocessor to a form conducive to high-speed 
address calculations within the GDC. In this way the repeti- 
tive, pixel-by-pixel calculations can be done quickly, 
thereby minimizing the overall figure drawing time. The 
table below summarizes the parameters. 



Drawing Type 


DC 


D 


D2 




D1 


DM 


Initial Value* 





8 


8 




-1 


-1 


Line 


|AI| 


2 1 AD 1 - 1 A 


1 2(|AD|-| 


All) 


2|AD| 


- 


Arc** 


rsin <t> 


r-1 


2(r-1) 




-1 


rsin e i 


Rectangle 


3 


A-1 


B-1 




-1 


A-1 


Area Fill 


B-1 


A 


A 




- 


- 


Graphic Character*** 


B-1 


A 


A 




- 


- 


Write Data 


W-1 


- 


- 




- 


- 


DMAW 


D-1 


C-1 


- 




- 


- 


DMAR 


D-1 


C-2 


(C-2)/2t 




- 


- 


Read Data 


W 


- 


- 




- 


- 



•Initial values for the various parameters remain as each drawing process ends 
"Circles are drawn with 8 arcs, each of which span 45°, so that sin ^ = l/V'2 and sin (9 = 
'**Graphic characters are a special case of bit-map area filling in which B and A ^ 8 If A = 8 
there is no need to load D and D2 
Where 

-1= all ONES value 
All numbers are shown in base 10 for convenience The GDC accepts base 2 numbers (2s 
complement notation where appropnate) 

- = No parameter bytes sent to GDC for this parameter 
AN The larger at Ax or Ay 
AD= The smaller at Ax or Ay 
r= Radius of curvature, in pixels 
(t)= Angle from major axis to end of the arc </> « 45° 
«= Angle from major axis to start of the arc e =s 45° 
I = Round up to the next higher integer 
i = Round down to the next lower integer 
A= Number of pixels in the initially specified direction 
B= Number of pixels in the direction at nght angles to the 

initially specified direction 
W= Number of words to be accessed 
C= Number of bytes to be transferred in the initially specified 
direction (Two bytes per word if word transfer mode 
IS selected ) 
D= Number of words to be accessed in the direction at right 
angles to the initially specified direction 
DC = Drawing count parameter which is one less than the num- 
ber of RMW cycles to be executed 
DM= Dots masked from drawing during arc drawing 
t= Needed only for word reads 
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Graphics Character Drawing 

Graphics characters can be drawn into display memory 
pixel-by-pixel. The up to 8-by-8 character display is loaded 
into the GDC's parameter RAM by the system micropro- 
cessor. Consequently there are no limitations on the 
character set used. By varying the drawing parameters and 
drawing direction, numerous drawing options are available. 
In area fill applications, a character can be written into dis- 
play memory as many times as desired without reloading 
the parameter RAM. 

Once the parameter RAM has been loaded with up to eight 
graphics character bytes by the appropriate PRAM com- 
mand, the GCHRD command can be used to draw the 
bytes into display memory starting at the cursor. The zoom 
magnification factor for writing, set by the zoom command, 
controls the size of the character written into the display 
memory in integer multiples of 1 through 16. The bit values 
in the PRAM are repeated horizontally and vertically the 
number of times specified by the zoom factor. 

The movement of these PRAM bytes to the display mem- 
ory is controlled by the parameters of the FIGS command. 
Based on the specified height and width of the area to be 
drawn, the parameter RAM is scanned to fill the required 
area. 

For an 8-by-8 graphics character, the first pixel drawn uses 
the LSB of RA-15, the second pixel uses bit 1 of RA-15, and 
so on, until the MSB of RA-15 is reached. 

The GDC jumps to the corresponding bit in RA-14 to con- 
tinue the drawing. The progression then advances toward 
the LSB of RA-14. This snaking sequence is continued for 
the other 6 PRAM bytes. This progression matches the 
sequence of display memory addresses calculated by the 
drawing processor as shown above. If the area is narrower 
than 8 pixels wide, the snaking will advance to the next 
PRAM byte before the MSB is reached. If the area is less 
than 8 lines high, fewer bytes in the parameter RAM will 
be scanned. If the area is larger than 8 by 8, the GDC will 
repeat the contents of the parameter RAM in two dimen- 
sions, as required to fill the area with the 8-by-8 mozaic. 
(Fractions of the 8-by-8 pattern will be used to fill areas 
which are not multiples of 8 by 8.) 



Parameter RAiM Contents: RAM Address 
RAO to 15 

The parameters stored in the parameter RAM, PRAM, are 
available for the GDC to refer to repeatedly during figure 
drawing and raster-scanning. In each mode of operation 
the values in the PRAM are interpreted by the GDC in a 
predetermined fashion. The host microprocessor must load 
the appropriate parameters into the proper PRAM loca- 
tions. PRAM loading command allows the host to write into 
any location of the PRAM and transfer as many bytes as 
desired. In this way any stored parameter byte or bytes 
may be changed without influencing the other bytes. 

The PRAM stores two types of information. For specifying 
the details of the display area partitions, blocks of four 
bytes are used. The four parameters stored in each block 
include the starting address in display memory of each 
display area, and its length, in addition, there are two mode 
bits for each area which specify whether the area is a bit- 



mapped graphics area or a coded character area, and 
whether a 16-bit or a 32-bit wide display cycle is to be used 
for that area. 

The other use for the PRAM contents is to supply the pat- 
tern for figure drawing when in a bit-mapped graphics area 
or mode. In these situations, PRAM bytes 8 through 16 are 
reserved for this patterning information. For line, arc, and 
rectangle drawing (linear figures) locations 8 and 9 are 
loaded into the Pattern Register to allow the GDC to draw 
dotted, dashed, etc. lines. For area filling and graphics bit- 
mapped character drawing locations 8 through 15 are refer- 
enced for the pattern or character to be drawn. 

Details of the bit assignments are shown for the various 
modes of operation. 

Character Mode 



C 






SAOIh 



J Display Partition Area 1 
i^ starting address with low & 

high significance fields 

(word address) 



c 



LEN\ 






J Length of Display Partition 1 
-«— (line count) with high and 
low significance fields 

A Wide Display cycle width 
of two words per memory cycle 

is selected for this display 

area if this bit is set to a 1. 



RA-4 




SAD2, 


5 








SAD2„ 


6 




LEN2, 








7 


WD2 





LEN2„ 












RA-8 




SAD3, 


9 








SAD3„ 


10 




LEN3, 








11 


WD3 





LEN3h 












RA-12 


• < 


SAD4l 

1 1 1 i 


13 








SAD4h 


14 




LEN4, 








15 


WD4 





LEN4„ 



The display address counter 
is then incremented by 
2 for each display scan 
cycle. Other memory cycle 
types are not influenced. 



Display Partition 2 
. starting address 
and length 




Display Partition 3 
- starting address 
and length 



Display Partition 4 
- starting address 
and length 
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Graphics and Mixed Graphics and Character IModes Command Bytes Summary 



SADIl 



I II 



LEN1, 





SADIh 



\ 



RAr4 

S 
6 

7 



SAD2, 


SAD2,. 






LEN2, 





SAD2h 


W02 


IM 


LEN2„ 



-starting mMtms wttli low, 
nfiidcllo, wMl high significMics 
IMdB (wofd flddrass) 



Lmgth of Display Partttlon 
-Arsal with low and high 
significanca fiaicis (Una count) 

bi mixad moda, a 1 indicataa an 
. iinagaorgn4>hlcaaraa,anda0 
indicataa a cliaractar araa. in 
graphica moda this W must ba 0. 
Whan 1, tha DAD is incramantad 
avary othar diaplay cycia. 

Dl8playPartKionAraa2 
- atarting addraaa and 



bitasinaraal 



'd 



RA-10 
11 
12 
13 
14 
15 



PTNt 

,,,1 in 



l»TN„ 


or 


GCHR7 




GCHR6 


GCHRS 


GCHR4 


GCHR3 


GCHR2 


GCHR1 



Pattam of 16 bits usad for 
figura drawing to pattam 
dottad, daahad, ale. linas 



Graphics charactar bytes 

to ba movad into display 

memory with graphics 
character drawing 






































1 1 1 


DE 







1 


1 





1 1 1 


M 


■ 





1 








1 





1 1 







1 


1 





1 





1 1 
















1 1 


DE 







1 











1 


1 







1 








1 





1 







1 


1 


1 


SA 







1 











1 


1 1 










1 


TYPE 





MOD 







1 








1 





1 







1 








1 


1 










1 


1 





110 







1 


1 





1 










1 1 


TYPE 





MOD 




1110 













1 


1 



















1 1 


TYPE 


1 


MOD 




!• 





1 


TYPE 


1 


MOD 
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Video Control Commands 

Reset 



Blank the display, enter 
Idle mode, and initialize 
within the GDC: 

— FIFO 

— Command Processor 

— Internal Counters 



This command can be executed at any time and does not 
modify any of the parameters already loaded into the GDC. 
If followed by parameter bytes, this command also sets the 
sync generator parameters as described below. Idle mode 
is exited with the START command. 



Horizontal Front Porch Constraints 

1 . If the display ZOOM function is used at other than 1 X: 
HFP ^ 2 Display Word Cycles (4 clock cycles). 

2. If the GDC is used in the video sync Slave mode: 
HFP ^ 4 Display Word Cycles (8 clock cycles). 

3. If the Light Pen is used: 

HFP ^ 6 Display Word Cycles (12 clock cycles). 

4. If interlace mode is used: 

HFP ^ 3 Display Word Cycles (6 clock cycles). 
Horizontai SYNC Constraints 
1 . if Interlaced display mode is used: 

HS ^ 5 Display Word Cycles (10 clock cycles). 

Modes of Operation Bits 



P2 
P3 






C 


F 


1 





G 


S 




AW 


vs, 


HS 




P5 
P6 
P7 









HBP 

• 1 1 1 








VFP 


AL, 




- Mode of Operation select bits 
Seet>eiow 

- Active Display Words per 
line - 2 Must be even 
number with bit = 



- Horizontal Sync Width - 1 
• Vertical Sync Width, low bits 



Vertical Sync Width, high bits 



Horizontal Front Porch Width - 1 



- Horizontal Back Porch Width - 1 
-Vertical Front Porch Width 



- Active Display Lines per 
Video Field, low bits 



Active Display Lines per 
Video Field, high bits 



Vertical Back Porch Width 



In graphics mode, a word is a group of 16 pixels. In charac- 
ter mode, a word is one character code and its attributes, if 
any The number of active words per line must be an even 
number from 2 to 256. An all-zero parameter value selects 
a count equal to 2" where n = number of bits in the param- 
eter field for vertical parameters. All horizontal widths are 
counted in display words. All vertical Intervals are counted 
in lines. 



Horizontal Baci( Porch Constraints 

1. In general: 

HBP ^ 3 Display Word Cycles (6 clock cycles). 

2. If the IMAGE or WD modes change within one 
video field: 

HBP ^ 5 Display Word Cycles (1 clock cycles). 

3. If interlace or mixed mode is used: 

HBP ^ 5 Display Word Cycles (1 clock cycles). 



C Q 


Display Mode 





Mixed Graphics & Character 


1 


Graphics Mode 


1 


Character Mode 


1 1 Invalid 




1 S 


Video Framing 





Noninterlaced 


1 


Invalid 


1 


Interlaced Repeat Field for Character Displays 


1 1 Interlaced 



Repeat Field Framing: 



Interlaced Framing: 



Noninterlaced Framing; 



2 Field Sequence with V2 line 
offset between othen^^ise 
identical fields. 
2 Field Sequence with V2 line 
offset. Each field displays alter- 
nate lines. 

1 field brings all of the information 
to the screen. 



Total scanned lines in Interlace mode is odd. The sum of 
VFP + VS -h VBP + AL should equal one less than the 
desired odd number of lines. 

D Dynamic RAM Refresh Cycles Enable 

No Refresh — STATIC RAM 

1 Refresh — Dynamic RAM 

Dynamic RAM refresh is important when high display zoom 
factors or DMA are used in such a way that not all of the 
rows in the RAMs are regularly accessed during display 
raster generation and for otherwise inactive display 
memory. 

F Drawing Time Window 

Drawing during active display time and retrace blanking 

1 Drawing only during retrace blanking 

Access to display memory can be limited to retrace blank- 
ing intervals only so that no disruptions of the image are 
seen on the screen. 
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SYNC Format Specify 






c 


F 1 


D 


G 


S 


. 


AW 


vs, 


HS 



. The display is enabled by 
a 1, and blanked by a 0. 

- Mode of Operation select bits 
See below 

- Active Display Words per 
line - 2 Must be even 
number with bit = 



Once the GDCs are initialized and set up as IVIaster and 
Slaves, they must be given time to synchronize. It is a good 
idea to watch the VSYNC status bit of the Master GDC and 
wait until after one or more VSYNC pulses have been gen- 
erated before the display process is started. The START 
command will begin the active display of data and will end 
the video synchronization process, so be sure there has' 
been at least one VSYNC pulse generated for the Slaves 
to synchronize to. 

Cursor & Character Characteristics 



\ 



- Horizontal Sync Width - 1 
• Vertical Sync Width, low bits 



T 



- Vertical Sync Width, high bits 



-Horizontal Front Porch Width - 1 









HBP 








VFP 


ALl 



T 



- Horizontal Back Porch Width - 1 
-Vertical Front Porch Width 



- Active Display Lines per 
Video Field, low bits 



- Active Display Lines per 
Video Field, high bits 



- Vertical Back Porch Width 



This command also loads parameters into the sync gener- 
ator. The various parameter fields and bits are identical to 
those at the RESET command. The GDC Is not reset nor 
does it enter idle mode. 

Vertical Sync Mode 



- -Accept External Vertical 
Sync — Slave Mode 



1 -Generate & Output Vertical 
Sync — Master Mode 



When using two or more GDCs to contribute to one Image, 
one GDC is defined as the master sync generator, and the 
others operate as Its slaves. The VSYNC pins of all GDCs 
are connected together. 

A few considerations should be observed when synchro- 
nizing two or more GDCs to generate overlayed video via 
the VSYNC INPUT/OUTPUT pin. As mentioned above, the 
Horizontal Front Porch (HFP) must be 4 or more display 
cycles wide. This is equivalent to eight or more clock 
cycles. This gives the slave GDCs time to Initialize their 
Internal video sync generators to the proper point in the 
video field to match the incoming vertical sync pulse 
(VSYNC). This res^tting of the generator occurs just after 
the end of the incoming VSYNC pulse, during the HFP 
interval. Enough time during HFP is required to allow the 
slave GDC to complete the operation before the start of the 
HSYNC interval. 



CCHAR: 


10 1 1 1 












PI 


DC 





LR 


^ 




\ 


V 














P2 


BRu 


SC 


CTOP 


^ 




\ V 








\ 


\ 
















P3 


CBOT 


BRu 
1 • 


— 








\ 









. Lines per character row - 1 
- Display Cursorifl 



- Cursor Top line number 
in the row 

- Blinking Cursor 

1 - Steady Cursor 
Blink Rate, lower bits 



- Blink Rate, upper bits 



Cursor Bottom line number in 
the row CBOT < LR 



In graphics mode, LR should be set to 0. The blink rate 
parameter controls both the cursor and attribute blink rates. 
The cursor blink-on time = blink-off time = 2 x BR (video 
frames). The attribute blink rate is always V2 the cursor rate 
but with a % on-y4 off duty cycle. All three parameter bytes 
must be output for interlace displays, regardless of mode. 
For interlace displays in graphics mode, the parameter 
BRl = 3. 



Display Control Commands 

Start Display & End Idle Mode 



START: 


110 10 1 1 


Displa 


ly Blanking Control 


BCTRL: 


00001 1 


DE 



- The display is enabled 
by a 1, and blanked by 
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Zoom Factors Specify 



Pitch Specification 



ZOOM: 





1 





1 1 





















PI 


DISP 


GCHR 


— 






\ 











- Zoom factor for graphics 



Display zoom factor 



Zoom magnification factors of 1 through 16 are available 
using codes through 15, respectively. 

Cursor Position Specify 



1 


10 1 










EAD 


^ 








EAD 


*- 








dAD 





EAD 








v_ 





- Execute Word Address, 
low byte 



- Execute Word Address, 
middle byte 



- (Grapliics Mode only) 



Word Address, top bits 



Dot Address withiin tiie word 



In character mode, the third parameter byte is not needed. 
The cursor is displayed for the word time in which the dis- 
play scan address (DAD) equals the cursor address. In 
graphics mode, the cursor word address specifies the word 
containing th6 starting pixel of the drawing; the dot address 
value specifies the pixel within that word. 

Parameter RAI\/I Load 



- Starting Address in 
parameter RAM 



111 


SA 


t 









- 1 to 16 bytes to be loaded 
into the parameter RAM 
starting at the RAM address 
specified by SA 



From the starting address, SA, any number of bytes 
may be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of parameter 
Jbytes is terminated by the next command byte entered into 
the FIFO. The parameter RAM stores 16 bytes of informa- 
tion in predefined locations which differ for graphics and 
character modes. See the parameter RAM discussion for 
bit assignments. 



PITCH: 





1 





111 












PI: 


P 



- Number of word addresses 
in display memory in the 
horizontal direction 



This value is used during drawing by the drawing processor 
to find the word directly above or below the current word, 
and during display to find the start of the next line. 
The Pitch parameter (width of display memory) is set by 
two different commands. In addition to the PITCH com- 
mand, the RESET (or SYNC) command also sets the pitch 
value. The "active words per line" parameter, which spec- 
ifies the width of the raster-scan display also sets the Pitch 
of the display memory Note that the AW value is two less 
than the display window width. The PITCH command must 
be used to set the proper memory width larger than the 
window width. 



Drawing Control Commands 

Write Data into Display l\/lemory 



* RMW Memory cycle 

Logical Operation: 

-'« REPLACE with Pattern 

1 -« COMPLEMENT 

1 -^ RESET to sero 

1 1 -« SETtol 



- Data IVansfer Type: 

- Word, Low then High byte 



-Low Byte of the Word 
-High Byte of the Word 




WORD, OR BYTE 



- Word Low Data Byte or 
Single Byte Data value 



- Word transfer only: 
High Data Byte 



Upon receiving a set of parameters (two bytes for a word 
transfer, one for a byte transfer), one RMW cycle into Video 
Memory is done at the address pointed to by the cursor 
EAD. The EAD pointer is advanced to the next word, 
according to the previously specified direction. More 
parameters can then be accepted. 

For byte writes, the unspecified byte is treated as all zeros 
during the RMW memory cycle. 

In graphics bit-map situations, only the LSB of the WDAT 
parameter bytes is used as the pattern in the RMW opera- 
tions. Therefore it is possible to have only an all ones or 
all zeros pattern. In coded character applications all the 
bits of the WDAT parameters are used to establish the 
drawing pattern. 

The WDAT command operates differently from the other 
commands which initiate RMW cycle activity It requires 
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parameters to set up the Pattern register while the other 
commands use the stored values in the parameter RAM. 
Like all of these commands, the WDAT command must be 
preceded by a FIGS command and its parameters. Only 
the first three parameters need be given following the FIGS 
opcode, to set up the type of drawing, the DIR direction, 
and the DC value. The DC parameter +1 will be the num- 
ber of RMW cycles done by the GDC with the first set of 
WDAT parameters. Additional sets of WDAT parameters 
will see a DC value of which will cause only one RMW 
cycle to be executed per set of parameters. 



Figure Drawing Parameters Specify 



FIGS: 10 110 

-J 1 1 1 I I I 



li i. i ii li 



• Drawing Direction Base 

Figure Type Select Bits: 

— Line (Vector) 

— Graphics Character 

— Arc/Circle 

— Rectangle 

— ' Slanted Graphics Character 



l\/lasl( Register Load 



MASK: 


1 





1 


1 

















PI 


Mu 














P2 


Mh 



Low significance byte 



High significance byte 



This command sets the value of the 16-bit Mask register of 
the figure drawing processor. The Mask register controls 
which bits can be modified in the display memory during a 
read-mod if y-write cycle. 

The Mask register is loaded both by the MASK command 
and the third parameter byte of the CURS command. The 
MASK command accepts two parameter bytes to load a 
16-bit value into the Mask register. All 16 bits can be indi- 
vidually one or zero, under program control. The CURS 
command on the other hand, puts a "1 of 16" pattern into 
the Mask register based on the value of the Dot Address 
value, dAD. If normal single-pixel-at-a-time graphics fig- 
ure drawing is desired, there is no need to do a MASK 
command at all since the CURS command will set up the 
proper pattern to address the proper pixels as drawing pro- 
gresses. For coded character DMA, and screen setting and 
clearing operations using the WDAT command, the MASK 
command should be used after the CURS command if its 
third parameter byte has been output. The Mask register 
should be set to all "ONES" for any "word-at-a-time" 
operation. 



Q=± 



DCl 



'Q 



'Q 



'Q 



'(U 



DMu 



DMh 

—I I > 



- DC Drawing Parameter 



_ Graphics Drawing flag for use in 
Mixed Graphics and Character Mode 






-D Drawing Parameter 



-D2 Drawing Parameter 



-D1 Drawing Parameter 



-DM Drawing Parameter 



j^ 



The parameters take on 
different interpretations for 
different figure types. 



Valid Figure Type Select Combinations 



SL 


R 


A 


GC 


L 


Operation 

















Character Display Mode Drawing, Individual Dot Drawing, 
DMA, WDAT, and RDAT 














1 


Straight Line Drawing 











1 





Graphics Character Drawmg and Area filling with graphics 
character pattern 








1 








Arc and Circle Drawing 





1 











Rectangle Drawing 


1 








1 





Slanted Grapnics Character Drawing and Slanted 
Area Filling 



Only these bit combinations assure correct drawing 
operation. 

Figure Draw Start 



On execution of this instruction, the GDC loads the param- 
eters from the parameter RAM into the drawing processor 
and starts the drawing process at the pixel pointed to by the 
cursor, EAD, and the dot address, dAD. 
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Graphics Character Draw and Area Filling Start 



Based on parameters loaded with the FIGS command, this 
command initiates the drawing of the graphics character 
or area filling pattern stored in Parameter RAM. Drawing 
begins at the address In display memory pointed to by the 
EAD and dAD values. 



Data Read Commands 

Read Data from Display Memory 



1 1 


TYPE 





MOD 



- Data Transfer Type: 
-Word, low then high byte 
-Low byte of the Word only 

- High byte of the Word only 
-Invalid 



Using the DIR and DC parameters of the FIGS command 
to establish direction and transfer count, multiple RMW 
cycles can be executed without specification of the cursor 
address after the initial load (DC = number of words 
or bytes). 

As this instruction begins to execute, the FIFO buffer direc- 
tion Is reversed so that the data read from display memory 
can pass to the microprocessor. Any commands or param- 
eters in the FIFO at this time will be lost. A command byte 
sent to the GDC will immediately reverse the buffer direc- 
tion back to write mode, and all RDAT information not yet 
read from the FIFO will be lost. MOD should be set to 00 if 
no modification to video buffer is desired. 

Cursor Address Read 



11 10 



The following bytes are returned by the GDC through 
the FIFO: 



PI /- A7 



EADt 



r A15 EAD„ 

V ' ' ' ■ 







CL^ 



- Execute Address (EAD), 
low byte 






Execute Address (EAD), 
middle byte 



Execute Address (EAD), 
high bits 



- Dot Address (dAD), low byte 



a- 



The Execute Address, EAD, points to the display memory 
word containing the pixel to be addressed. 

The Dot Address, dAD, within the word is represented as a 
1-of-16 code for graphics drawing operations. 

Light Pen Address Read 



The following bytes are returned by the GDC through 
the FIFO: 






LADh 



- Light Pen Address, low byte 



- Light Pen Address, 
middle byte 



- Light Pen Address, high byte 



The light pen address, LAD, corresponds to the display 

word address, DAD, at which the light pen input signal is 

detected and deglitched. 

The light pen may be used in graphics, character, or mixed 

modes but only indicates the word address of light pen 

position. 

DMA Read Request 



- Data Transfer Type 

Word, Low then High Byte 



1 1 


TYPE 


1 


MOD 



- Low Byte of the Word 

- High Byte of the Word 




DMA Write Request 






1 


TYPE 


1 


MOD 












K 


— RM 











o-« — 









1 

1 


— 
















ua 



0- 

1 0- 

1 1 - 



RMW Memory Logical Operation - 

REPLACE with Pattern 

COMPLEMENT 

RESET to Zero 

SET to One 
Data Transfer Type. 

Word, Low then High Byte 

Low Byte of the Word 

High Byte of the Word 



- Invalid 



Dot Address (dAD), high byte 



6-59 



|ulPD7220 



AC Characteristics, |jlPD7220D 

T. = OX to 70°C; Vcc = 5.0V ± 10%j GND = OV 



Read Cycle 


(GDC<e^ 


CPU) 




















Symbol 




7220DLimHs 


7220D-1 Limits 


7220D-2 Limits 


Unit 


Test 


Parameter 




Min 


Max 


Min 


Max 


Min 


Max 


Conditions 




tAR 



















ns 




Address Hold from RDf 


tRA 



















ns 




RD Pulse Width 


tRRI 


1 


Irdi + 20 


tRCY-^-^tpLK 


tRD1 + 20 


tRCY-^^tcLK 


tRDI + 20 


tRCY-1/StcLK 


ns 




Data Delay from RDi 


tRDI 






120 




80 




70 


ns 


Cl = 50pF 




toF 







120 





100 





90 


ns 




RD Pulse Cycle 


tRCY 




4tcLK 




4tcLK 




4tcLK 




ns 




Write Cycle 


(GDC^ 


CPU) 




















Symbol 




7220D Limits 


7220IM LimHs 


7220D-2 Limits 


Unit 


Test 






Min 


Max 


Min 


Max 


Min 


Max 


Address Setup to WRi 


tAW 



















ns 




Address Hold from WRt 


twA 














10 




ns 




WR Pulse Width 


tww 




120 




100 




90 




ns 




Data Setup to WRt 


tow 




100 




80 




70 




ns 




Data Hold from WRt 


two 




10 




10 




10 




ns 




WR Pulse Cycle 


twCY 




4tcLK 




4tcLK 




4tcLK 




ns 




DMA Read Cycle 


(GDC« 


CPU) 




















Symbol 




7220D LimHs 


72200-f Limits 


7220D-2 Limits 


Unit 


Test 






Min 


Max 


Min 


Max 


Min 


Max 


Conditions 


DACK Setup to RDi 


tKR 



















ns 




DACK Hold from RDt 


tRK 



















ns 




RD Pulse Width 


tRR2 




»RD2 + 20 




tRD2 + 20 




tRD2 + 20 




ns 




Data Delay from RDi 


tRD2 






1.5tcLK + 120 




1.5tcLK + 80 




1.5tcLK + 70 


ns 


Cl = 50pF 


DREQ Delay from 
2XWCLK t 


tREQ 






150 




120 




110 


ns 


Cl = 50pF 


DREQ Setup to DACK i 


toK 



















ns 




DACK High Level Width 


toK 




tcLK 




tcLK 




tcLK 




ns 




DACK Pulse Cycle 


tE 




4tcLK* 




4tcLK* 




4tcLK* 




ns 




DREQ i Delay from 
DACK i 


tKQ(R) 






tcLK+150 




tcLK + 120 




tcLK+ 110 


ns 


Cl = 50pF 



* for high byte and low byte transfers: tE = 5 tcLK 



DMA Write Cycle 


(GDC^ 


CPU) 




















Symbol 




72200 Limits 


7220D-1 Limits 


7220D-2 Limits 


Unit 


Test 






Min 


Max 


Min 


Max 


Min 


Max 


Conditions 


DACK Setup to WRi 


W 




O 














ns 




DACK Hold from WR t 


twK 




O 














ns 




DREQ i Delay from 
DACK i 


tKQ(W) 






tcLK+150 




tcLK + 120 




tcLK + 100 


ns 


Cu = 50pF 


WR Pulse Width 


tvm 




120 


3tcLK 


100 


3tcLK 


90 


3tcLK 


ns 




R/M/W Cycle 


(GDC^ 




















Symbol 




7220D Limits 


7220D-1 Limits 


7220D-2 Lf'mjts 


Unit 


Test 






Min 


llfax 


^tin 


Max 


Min 


Max 




Address/ Data Delay 
from 2XWCLK t 


tAD 




30 


160 


30 


13Q 


30 


115 


ns 


Cl = 50pF 


Address/Data Floating 
from2XWCLK t 


toFF 




30 


160 


30 


130 


30 


115 


ns 


Cl = 50pF 


input Data Setup to 
2XWCLK i 


tois 



















ns 




input Data Hold from 
2XWCLK i 


toiH 




toE - 20 




tDE - 20 




tDE - 20 




ns 




DBIN Delay from 
2XWCLK i 


tDE 




30 


120 


30 


90 


30 


80 


ns 


Cu = 50pF 



ALE t Delay from 
2XWCLK t 



ns Cl = 50 pF 



6-60 



|jiPD7220 



ALE i Delay from 
2XWCLK i 


tRF 




30 100 


30 80 


30 70 


ns 


Cl = 50pF 


ALE Width 


tRW 




t^tcLK 


'^ tcLK 


'^ tcLK 


ns 


Cl = 50pF 


ALE Low WiAh 


tRL 




tcLK + 30 


tcLK + 30 


tcLK + 30 


ns 




Display Cycle 


(GDC^ 


Display Memory) 












Symbol 




72200 Limitt 


72200-1 Lfmfts 


7220D-2 LimHa 


Unit 


Test 




Min Mmx 


Min Max 


Min Max 


Conditions 


Video Signai Deiay 
from 2XWCLK t 


tvD 




150 


120 


100 


ns 


Cl = 50pF 


Input Cycle 


(GDC^ 


Display Memory) 












Symbol 




72200 Limit* 


72200-1 Limits 


72200-2 LimHa 


Unit 


Test 


Parameter 


MJfi Max 


Min Max 


Min Max 


Conditions 


input Signai Setup to 
2XWCLK t 


tps 




30 


20 


15 


ns 




input Signai Width 


tpw 




tcLK 


tcLK 


tcLK 


ns 




Clock 


(2XWCLK) 














Symbol 




7220D Limits 


7220D-1 Limits 


7220D-2 Limits 


Unit 


Test 


Parameter 


Min Max 


Min Max 


Min Max 




Clocit Rise Time 


tcR 




20 


20 


20 


ns 




Clocit Fall Time 


tcF 




20 


20 


20 


ns 




Clocl( High Pulse Width 


tcH 




105 


80 


70 


ns 




Cloclc Low Pulse Width 


tcL 




105 


80 


70 


ns 




Clock Cycle 


tcLK 




250 2000 


200 2000 


180 2000 


ns 





DC Characteristics 

T. = OX to TOX; Vcc = 5V ± 10%; GND = OV 



Absolute IMaximum Ratings* (Tentative) 





Symbol 




Limits 


Unit 


Test 


Parameter 


IMin 


Typ 


Max 




input Low Voltage 


V,L 


-0.5 




0.8 


V 


® 


Input High Voltage 


V,H 


2.2 




Vcc + 0-5 


V 


® 


Output Low Voltage 


Vol 






0.45 


V 


loL = 2 2 mA 


Output High Voltage 


VoH 


2.4 






V 


loH= -400,xA 


input Low Leai( Current 


I.L 






-10 


P^A 


V| = OV 


input High Leal( Current 


>IH 






+ 10 


^xA 


V, = Vcc 


Output Low Leak Current 


loL 






-10 


txA 


Vq = ov 


Output High Leai( Current 


loH 






+ 10 


fxA 


Vo = Vcc 


Clock input Low Voltage 


Vol 


-05 




0.6 


V 




Clock Input High Voltage 


VCH 


3.5 




Vcc + 1-0 


V 




Vcc Supply Current 


Ice 






270 


mA 





Ambient Temperature under Bias 


0°C to 70°C 


Storage Temperature 


-65°Cto150°C 


Voltage on Any Pin with Respect to Ground 


-0.5Vto+7V 


Power Dissipation 


1.5 W 




*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



Capacitance 

Ta = 25°Cj Vcc = GND = OV 





Symbol 




Limits 




Test 




Min 


Typ 


Max 


Unit Conditions 


Input Capacitance 
I/O Capacitance 


c,. 

C,/o 






10 
20 


5f fc = 1MHz 


Output Capacitance 
Clock Input Capacitance 


CouT 

C<^ 






20 
20 


P*^ (unmeasured) = OV 
pF 



Notes: 

® For 2XWCLK, V,L = -0.5V to +0.6V. 
® For 2XWCLK, V|H = +3.9VtoVcc +1.0V 
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Timing Waveforms 

Microprocessor Interface Write Timing 



AO: 


Invalid \ 


; Valid X '"valid X Valid 


J 


t.w|- 


*- 


- 


]tw. 


- 




WR: 


\ 


m, 








-^ 


tow 




DB0~7: 


invalid 1 ) 


^ Valid X Invalid 










t*rv 





Microprocessor Interface Read Timing 



AO: invalid ) ( Valid ) ( Invalid ) C 



Hhn 



High 



Impedance 



/ 



r ^ Valid ^ 



High Impedance 



Display Memory Display Cycle Timing 



HSYNC-REF- 
BLANK 
VSYNC 
LCO 3 

CSR-IMAGE 
ATT-BLINK-CLC 




Display Memory RMW Timing 



Microprocessor Interface DMA Write Timing 

HSYNC 
2XWCLK; '^ " 




DREQ: ^'" 



^^tf^ 



twH(WRt toHSYNCt)>tcLK 
Ikh (DACK i to HSYNC t ) 3= tcLK 







Output Address 



3f; 



Ff Invs 

X 



1 — f 



• T^yalid^ ^ Valid ^ 

Input Data Output Data 



TTmnr 



Microprocessor Interface DMA Read Timing 







High impedance 



>— — — ^ I Imnei 



Impedance 
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Timing Waveforms (Cont.) 

Display and RMW Cycles (1x Zoom) 



fxPD7220 



Display or RMW 
Cycle 



A16, 17: I 



HSYNC: 

BLANK: 

V/EXT SYNC: 
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Display and RMW Cycles (2x Zoom) 



ALE. I / V. 



I 
4s^ 



- ( Output Address y — 



Zoomed Display 
Cycle 



- D5 ►- 06- 



Cycle 

_ El J-. E2 4- E3 4" E4 4- E5- 



"A r 



- ( Output Address ) { Input Data V — - ( Output Data ) - 



.y 



3 

f 
I 

■I 

3 

Display or RMW #% 
Cycle y 

3 



- < Output Address ) - 



g 

10 



Zoomed Display Operation witii RMW Cycle {3x Zoom) 



Zoomed Display 
Cycle 



ALE: I / \ 



ADO-15: ( Output Address > - 



A16. 17 I y C 



Zoomed Display 
Cycle 



- < Output Address > - 



HDC 



Cyde 



Display or RMW 
Cycle 



I 

3" 

f 

■1 

3 

« 

o 

o 

3 



"A r 



- ^ Output Address ) (~ Input Data ) —— ^Output Data \ Output Address > - 



Z)C 




1= 

■0 
D 

10 
10 

o 
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Timing Waveforms (Cont.) 

Ught Pen and External Sync Input Timing 



szd: 



Ctock Timing (2XWCLK) 






VcH = 3.9 

VcL = 0.6 



Test Level (for AC Tests, except 2XWCLK) 



Miscellaneous: 



2.4 2.0 2^ 

X^ Test Point =^3 f 



VoH = 2.0 

V,H = 2.0 

Vol = 0.8 

0-8 v,L = 0.8 



Video Sync Signals Timing 

h ^" H 

^*>^oiK j-\/\y\y\jr\ y\/\/\y\y^._y\/\/" ___yAy^__y^ 

HBLANK:_/ \ /""" 

HSYNC: / \ 

*o..is:- X X X K X X X X ---7 1" 

^■- ^ — I V 

I— I ^ 

*«^«=D^::xpoc::xooc::::::::::::::::::::::::::x)ooc::Doc 
'^::^:::Dtz:::ixzz:::::::::::::::::::::::::iZ)cz=:::z)c 

■^- ^ r 

1 I 

I 

R«.: 4 i X X X -x- 

VBLANK: | \ __ / 

VSYNC: ' / \ 

U 1 V (Frame) J 



Interlaced Video Timing 

hblank:jt n n___ 

1 


-jL_n_- 

1 


._n_jL_ 

1 


__n_-_ 

1 

1 

1 


_n_- 


__Ji n_- 

1 1 

1 1 
1 1 


-^W- 


VBLANK: ~| 


-_J 


1 
1 


1 
1 


1 1 
1 1 


VSYNC: 1 


_j 


~1 


1 1 


1 1 


1 




1 
1 


1 
1 


1 




1 
1 








1 

1 


1 






1 
1 




VSYNC: 


_j 




_i 


"~n 



6-66 



Timing Wavofforms (Cont.) 

Video Horizontal Sync Generator Parameters 



HIPD7220 



I I 
I I 
I I 



Video Vertical Sync Generator Parameters 



h 



^ 



h 



Cursor — Image Bit Flag 



—J U t CLK 

jumn 



.^^ 



__^. 



Image 
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Video Field Timing 




HSYNC Output 



Vertical SYNC Lines 



Vertical Back Porch Blanked Lines 



Horizontal 
Front Porch - 
Blanking 




Active 
Display 
Lines 



Vertical Front Porch Blanked Lines 



Drawing intervals 



DMA Request intervals 




^ 



Drawing Interval 



Additional Drawing Interval When 
in Flash Mode 



Dynamic RAM Refresh if Enabled, Otherwise 
Additional Drawing Interval 




^ 



DMA Request Interval 



Additional DMA Request Intervals 
^ When in Flash Mode 
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Block Diagram of a Graphics Terminal 



1 











tJiPD7220 
GDC 


ALE 




— 




1 


1 


Terminal 


DBIN ^ 


Display 
Memory 


1 


1 




1 


1 






























Interface 


K 


DBO-7 




Video 

Shift 

Register 








ADDR/Data 






> 














k 


"^ 




r 


v' 














Data 












A-0 ^ 








Graphics 

Input 
Devices 




— 




Character 

Generator 

ROM 


1 


> 

> 


.__> 
















1 




V 

Blanking 


1 


























Victeo 
Output 
Circuit 




CRT 
Display 










HSYNC 










DMA 
Control 


DRQ 




DACK. 


VSYNC 








ADDR 




LPEN 




" 
























RAM 




' 
















«5" 

Circuit 


' 


















































ROM 




Sena! 
Commu- 
nications 


J _ 


Host 
Computer 




1 


















, 


1 
1 




1 








Mass 

Storage 

Disk 


1 


Controller 




Parallel 
Interface 












1 






■ 
























1 




1 



Multiplane Display Memory Diagram 



Video 
Shift 



T)"" 



AD A 

0to15 i 



V 



^' 



COL 
MUX 
ROW) 



^gl^ 



^fr 



<^ 



1 bniTt I 1 

V-^- Registers l-*- 



11^-1^ 



Dl 

RAMS DO 

ADR 



^ 



dT 



3^ 



RAMS DO 
ADR 



IT 



S 



>fr= 



-^^ 



> o 



1£ 



I^AMs DO 
ADR 



m 



3^ 



RAMS DO 
ADR 



es: 



V 






Char 
Gen 



-vL>==tP_ 



Attn 
Logic " 
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Package Outlines 

For information, see Package Outline Section 7. 

Ceramic, m<PD7220D 



7220DS-Rev 4-7-83-CAT-L 
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SEC 



|L(PD7225 

INTELLIGENT ALPHANUMERIC 

LCD CONTROLLER/DRIVER 



Description 

ThejL(PD7225 is an intelligent peripheral device designed 
to interface nnost microprocessors with a wide variety of 
alphanumeric LCDs. It can directly drive any static or 
multiplexed LCD containing up to 4 backplanes and up 
to 32 segments and is easily cascaded for larger LCD 
applications. The /iPD7225 communicates with a host 
microprocessor through an 8-bit serial interface. It 
includes a 7-segment numeric and a 14-segment alpha- 
numeric segment decoder to reduce system software 
requirements. The |iPD7225 is manufactured with low 
power consumption CMOS process allowing use of a 
single power supply between 2.7V and 5.5V and is 
available in a space-saving 52-pin flat plastic package. 

Features 

D Single-chip LCD Controller with Direct LCD Drive 
D Low-cost Serial Interface to most Microprocessors 
D Compatible with: 

7-Segment Numeric LCD Configurations— up to 16 
Digits 

14-Segment Alphanumeric LCD Configurations— up 
to 8 Characters 
D Selectable LCD Drive Configuration: 

Static, Biplexed, Triplexed, or Quadriplexed 
D 32-Segment Drivers 
D Cascadable for Larger LCD Applications 
D Selectable LCD Bias Voltage Configuration: 

Static, 1/2, or 1/3 
D Hardware Logic Blocks Reduce System Software 
Requirements 

— 8-Bit Serial Interface 

— Two 32 X 4-Bit Static RAMs for Display Data and 

Blinking Data Storage 

— Programmable Segment Decoding Capability 
- 16-Character, 7-Segment Numeric Decoder 
~ 64-Character, 14-Segment USASCII Alpha- 
numeric Decoder 

— Programmable Segment Blinking Capability 

— Automatic Synchronization of Segment Drivers 

with Sequentially Multiplexed Backplane Drivers 
D Single Power Supply, Variable from 2.7V to 5.5V 
D Low Power Consumption CMOS Technology 

D Extended -40®C to +85®C Temperature Range 

Available 
D Space-saving 52-Pin Flat Plastic Package 



Pin Configuration 



'H ^ o U' 



S20l= 
$21 C 



S22CZ 



S25C: 
526"= 
S27C: 
S28CI 
S29C: 



S31C: 



39 38 37 36 35 34 33 32 31 30 29 28 27 



o 



/iPD7225 



O 



o 

I 2 3 4 5 6 7 



=>S5 



=3 S3 
Z1S2 



=3 So 
ZDCOM3 



ZDCOMq 



Pin Description 





Pin 


Function 


No. 


Symbol 


1 


CL2 


System clock output (active high). Connect to CLi with 
180kQ resistor, or leave open. 


2 


SYNC 


tie all SYNC lines together. 


3-5 


vtsr 


LCD bias voltage supply Inputs to LCD voltage controller. 
Apply appropriate voltages from a voltage ladder con- 
nected across Vqq. 


6 


vss 


Ground. 


7,33 


Vdd 


2.7V to 5.5V for proper operation. 


8 


SCK 


Serial clock input (active low). Synchronizes 8-bit serial data 
transfer from microprocessor to ^PD7225. 


9 


SI 


Serial input (active high). Data input from microprocessor. 


10 


cs 


Chip select input (active low). Enables mPD7225 for data 
input from microprocessor. Display can also be updated 
when MPD7225 is deselected. 


11 


BUSY 


Busy output (active low). Handshake line Indicates that 
p(PD7225 is ready to receive next data byte. 


12 


C/D 


display data. 


13 


RESET 


Reset input (active low). R/C circuit or pulse initializes 
fiPD7225 after power-up. 


14 


NC 


No connection. 


15-18 


COM0-COM3 




19-32, 
34-51 


S0-S31 


LCD Segment Driver Outputs. 


52 


CLi 


System clock input (active high). Connect to CLj with 
180kQ resistor, or to external clock source. 




REV/1 
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Block Diagram 



vdd 
vlcdi 

VLCD2 
VLCD3 



CLi 
CL2 



RESET »► 



COM0-COM3 




Backplane Drivers 



^ 



LCD 

Timing 

Controller 



Clock 
Oscillator 



Interface 
Controller 





LCD 
Voltage 
Controller 













TTT 



CS C/D BUSY 



Segment 
Decoder 



S0-S31 




Segment Drivers 



7^ 

32 



Display Latch 



32 X 4 Bit 
Display RAM 



Serial Interface 



TT 



/~ Data A 
Y- Pointer _^ 



32 X 4 Bit 
Blinking RAM 



Command 
Decoder 



Command Summary 



Command 



Instruction Code 



Binary 



HEX 



Description 



D7 De Ds D4 Ds D» Di Do 



1. MODE SET 



Initialize the mPD7225, including selection of: 1 D4 D3 D2 Di Do 40-5F 

1) LCD Drive Configuration 

2) LCD Bias Voltage Configuration 

3) LCD Frame Frequency 



2. UNSYNCHRONOUS DATA 
TRANSFER 


Synchronize Display RAM data transfer to 
Display Latch with CS 










1 














30 


3. SYNCHRONOUS DATA 
TRANSFER 


Synchronize Display RAM data transfer to 
Display Latch with LCD Drive Cycle 










1 











1 


31 


4. INTERRUPT DATA 
TRANSFER 


Interrupt Display RAM data transfer to 
Display Latch 










1 


1 











38 


5. LOAD DATA POINTER 


Load Data Pointer with 5 bits of Immediate 
Data 


1 


1 




D4 


Da 


D2 


Di 


Do 


EO-FF 


6. CLEAR DISPLAY RAM 


Clear the Display RAM and reset the Data 
Pointer 

























20 


7. WRITE DISPLAY RAM 


Write 4 bits of Immediate Data to the Display 
RAM location addressed by the Data 
Pointer; Increment Data Pointer 


1 


1 





1 


Da 


D2 


Di 


Do 


DO-DF 



8. AND DISPLAY RAM 



Perform a Logical AND between the Display 1 1 Da D2 Di Do 90-9F 

RAM data addressed by the Data Pointer 

and 4 bits of Immediate Data; Write result to 

same Display RAM location Increment Data 

Pointer 

6-72 



Command Summary (Cont.) 



MPD7225 



Instruction Cod« 



Binary 



HEX 



Command 



Doscrlptlon 



Dt De Ds D4 Da Di Di Do 



9. OR DISPLAY RAM 



Perform a Logical OR between the Display 
RAM data addressed by the Data Pointer 
and 4 bits of Immediate Data, Write result to 
same Display RAM location, Increment Data 
Pointer 



1 1 1 D3 D2 Di Do BO-BF 



10. ENABLE SEGMENT 
DECODER 


Start use of the Segment Decoder 











1 





1 





1 


15 


11. DISABLE SEGMENT 
DECODER 


Stop use of the Segment Decoder 











1 





1 








14 


12. ENABLE DISPLAY 


Turn on the LCD 











1 











1 


11 


13. DISABLE DISPLAY 


Turn off the LCD 











1 














10 


14. CLEAR BLINKING RAM 


Clear the Blinking RAM and reset the Data 
Pointer 


























00 


15. WRITE BLINKING RAM 


Write 4 bits of Immediate Data to the Blinking 
RAM location addressed by the Data 
Pointer; Increment Data Pointer 


1 


1 








D3 


D2 


Di 


Do 


CO-CF 



16. AND BLINKING RAM 



Perform a Logical AND between Blinking 
RAM data addressed by the Data Pointer 
and 4 bits of Immediate Data; Write result to 
same Blinking RAM Location; Increment 
Data Pointer 



1 D3 D2 Di Do 80-8F 



17. OR BLINKING RAM 



Perform a Logical OR between Blinking 
RAM data addressed by the Data Pointer 
and 4 bits of Immediate Data, Write result to 
same Blinking Location; Increment Data 
Pointer 



1 1 D3 D2 Di Do AO-AF 



18. ENABLE BLINKING 


Start Segment Blinking at the Frequency 
Specified by 1 bit of Immediate Data 


1 1 1 Do 1A-1B 


19. DISABLE BLINKING 


Stop Segment Blinking 


110 18 



Details of operation and application examples can be 
found in the 'VPD7225 Intelligent Alphanumeric LCD 
Controller/Driver Technical Manual." 



Absolute Maximum Ratings* 



DC Characteristics 

Ta = -10*0 to +70°C;Vdd = +5.0V ± 10% 



Ta = 25'C 


Supply Voltage, Vdd 


-0.3V to +7.0V 


All inputs and Outputs with Respect to Vss 


-0.3V to Vdd +0-3V 


Storage Temperature 


-65«>Cto+150°C 


Operating Temperature 


-10°Cto+70«>C 



*COMMENT: Stress above those listed under "Abso- 
lute Maximum Ratings" may cause permanent damage 
to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 



6-73 





Symbol 




Limits 




Unit 


Test 


Parameter 


Mfn 


Typ 


Max 


Conditions 


input Voltage 
High 


VlH 


0.7 Vdd 




Vdd 


V 




Input Voltage 
Low 


V|L 







0.3 
Vdd 


V 




Current High 


•lih 






2 


mA 


ViH = Vdd 


Current Low 


"lil 






-2 


mA 


V|L = OV 


Output Voltage 
High 


VOH 


Vdd -0.5 






V 


BUSY, SYNC, 
Iqh = -10 mA 


Output Voltage 


Vol, 






0.5 


V 


BUSY, Iql = 100 mA 


Low 


V0L2 






1.0 


V 


SYNC, Iql = 000 mA 


Output Leakage 


•loh 






2 


mA 


VoH = Vdd 


Current Low 


'lol 






-2 


J.A 


Vol = OV 


Output Short 
Circuit Current 


los 






-300 


mA 


SYNC, Vqs = lOV 


Backplane Driver 


RCOM 




5 


7 


kQ 


COIW0-COM3, 

Vdd > Vlcd- 

Applies to static-, 
1/2-, and 1/3-LCD 
bias voltage schemes 


Segment Driver 


RSEG 




7 


14 


kQ 


S0-S31. 

Vdd > Vlcd- 

Applies to static-. 
1/2-, and 1/3-LCD 
bias voltage schemes 


Supply Current 


"DD 




100 


250 


mA 


CLi external clock, 
f^ = 200 KHz 




]L(PD7225 



DC Characteristics (Cent.) 

Ta = 0«Cto +70<*C;Vdd = 2.7 to 5.5V 





Symbol ' 




Limits 




Unit 


Test 


Parameter 


MIn 


Typ 


Max 




Input Voltage 


V,H, 


0.7 Vdd 




Vdd 


V 


Except SCK 


High 


V|H2 


0.8 Vdd 




Vdd 


V 


SCK 



Input Voltage 
Low 



0.3 

Vdd 



V Except SCK 



V|L2 



Vdd 



input Leakage 
Current High 


'lih 




2 


^,A 


V|H = Vdd 


Input Leakage 
Current Low 


Ilil 




-2 


mA 


V|L = OV 


Output Voltage 
High 


VOH 


Vdd -0 75 




V 


BUSY, SYNC, 
l0H = -7mA 


Output Voltage 


Vol, 




0.5 


V 


BUSY, Iql = IOOmA 


Low 


V0L2 




0.5 


V 


SYNC, Iql = 400 mA 


Output Leakage 


'loh 




2 


mA 


Voh = Vdd 


Current Low 


'lol 




-2 


mA 


Vol = OV 


Output Short 
Circuit Current 


'OS 




-200 


mA 


SYNC, Vqs = 0.5V 



Backplane Driver 
Output Impedance 



COMQ-COM3, 

Vdd > Vlcd- 

Applies to static-, 
1/2-, and 1/3-LCD 
bias voltage schemes 



Segment Driver f^SEG 

Output Impedance 



S0-S31, 

Vdd > Vlcd- 

Applies to static-, 
1/2-, and 1/3-LCD 
bias voltage schemes 



Supply Current Idd 



30 100 mA 



CL-i external clock, 
Vdd = 30V + 10%, 
f^ = 140 KHz 



AC Cliaracteristics 

Ta = -10°Cto +70oC;Vdd = +5.0Y + IO0/0 





Symbol 




Limits 




Unit 


Test 


Parameter 


Uln 


Typ 


Max 


Conditions 




** 


50 




200 


KHz 






*OSC 


85 


130 


175 


KHz 


R = 180 kQ + 5»/o 


Clock Pulse Width 
High 


t*w„ 


2 




16 


MS 


CL,, external clock 


Clock Pulse Width 
Low 


Hwl 


2 




16 


lUB 


CL-], external clock 


SCK Cycle 


*cyk 


900 






ns 




SCK Pulse Width 
High 


tKWH 


400 






ns 




§CK Pulse Width 
Low 


*KWl 


400 






ns 




BDgYttoSCKi 
Hold Time 


tBHK 









ns 




SI Setup Time to 
SCKt 


t.SK 


100 






ns 




SI Hold Time 
After SCKt 


t|HK 


200 






ns 




8th SCKt to 
BUSYI Delay Time 


*KDb 






3 


MS 


CLOAD = 50pF 


CSl to BUSYi 
Delay Tim§ 


*CDb 






1 5 


MS 


ClOAD = 50 pF 


c7d Setup Time 
to 8th SCKt 


tDSK 


9 






MS 




C/6 Hold Time 
After 8th SCKt 


tQHK 


1 






MS 




CS Hold Time 
After 8th SCKt 


tCHK 


1 






MS 




CS Pulse Width 
High 


tCWH 


8/f^ 






MS 




CS Pulse Width 
Low 


*CWl 


8/f^ 






MS 





AC Cliaracteristics (Cent.) 

Ta = O'Cto +70<>C;Vdd = 2.7V to 5.5V 





Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


Typ 


Max 


Conditions 




H 


50 




140 


KHz 






^OSC 


50 


100 


140 


KHz 


R = 180kQ + 5%, 

Vdd = 3 OV ± 10% 


Clock Pulse Width 
High 


HWh 


3 




16 


MS 


CL-|, external clock 


Clock Pulse Width 
Low 


HWl 


3 




16 


MS 


CL-j, external clock 


SCK Cycle 


tCYK 








MS 




SCK Pulse Width 
High 


tKWH 


1 8 






MS 




SCK Pulse Width 
Low 


IKWl 


1 8 






MS 




BUSYt to SCKI 
Hold Time 


tBHK 








ns 




SI Setup Time to 
SCKt 


tiSK 








MS 




SI Hold Time 
After SCKt 


tlHK 








MS 




8th SCKt to 
BUSYI Delay 
Time 


*KDb 






5 


MS 


ClOAD = 50 pF 


CSI to BUSY! 
Delay Time 


*CDb 






5 


MS 


ClOAD = 50 pF 


C/D Setup Time 
to 8th SCKt 


tDSK 


18 






MS 




C/D Hold Time 
After 8th SCKt 


tDHK 


1 






MS 




CS Hold Time 
After 8th SCKt 


tCHK 


1 






MS 




CS Pulse Width 
High 


tCWH 


8/f^ 






MS 




CS Pulse Width 
Low 


tCWL 


8/f^ 






MS 




SYNC Load 
Capacitance 


Cload 






50 


pF 


f^ = 200 KHz 



Capacitance 



250c 



Symbol MIn Typ Max Unit 



Test 
Conditions 



Input Capacitance 


C| 


10 


pF 






Co, 


20 


pF 


Except BUSY 




Co, 


15 


pF 


BUSY 


Input/Output 
Capacitance 


C|0 


15 


pF 


SYNC 


Clock Capacitance 


C^ 


30 


pF 


CLi Input 



f^ = 1 MHz. 
Unmeasured 
pins return 
toOV. 
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AC Timing Cliaracteristics 



|iiPD7225 



All Outputs 






Timing Waveforms 

Clock 



K. 



Serial Interface 



:s — »Jk 



y 



-tCYK ► 



tKWL 






tISK 
-^ ► 



tlHK 
"< ► 



t^-^z::'r< 



7 



> 



.< tDHK ► 
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Characteristics Curves 

Ta = 25<»C 



External Resistance vs Oscillation Frequency 



Supply Voltage vs Oscillation Frequency 



N 






1 CL2 

1 — vAA^ 


CL1 1 




N N. 




1 


\ 








\ 


X \^DD = 5V 
VDD = 3v\^^ \ 


\ 


'^i 




^N 





200 
External Resistance R (l(Q) 



u 


CL1 1 

1 








R 


R = 180 kQ 


^ 












/ 






/ 










^^ 











4 5 

Supply Voltage Vqd (V) 



Supply Voltage vs Supply Current 



1 CL2 CL1 1 

O 
External Clock 


f = 200 KHz 








f = 140 KHz/ 


^ 






^ 




U^ 









Supply Voltage Vqd (V) 
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7-Segment Numeric Data Decoder Character Set 



Display 
Byte 
(HEX) 



Decoded Display RAM Data 



Character 



Triplexed 



Display RAM Address 
n+2 n+1 n 



Quadruplexed 



Display RAM Address 
n + 1 n 



00 


a 


3 


5 


3 


D 


7 


01 


H 








3 





6 


02 


a 


2 


7 


1 


E 


3 


03 


a 





7 


3 


A 


7 


04 


B 


1 


2 


3 


3 


6 


05 


8. 


1 


7 


2 


B 


5 


06 


a 


3 


7 


2 


F 


5 


07 


a 





1 


3 





7 


08 


a 


3 


7 


3 


F 


7 


09 


a 


1 


7 


3 


B 


7 


OA 


R 


3 


2 





2 





OB 


a 


3 


7 





F 


1 


OC 


e 


3 


5 





D 


1 


OD 


H 





6 





A 





OE 


a 


2 


6 


2 


E 


4 


OF 


a 
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o ST 

!i 

S 3" 

"0 (A 
O 



Display Display RAM Display Display RAM Display Display RAM Display Display RAM 

Byte Char Address Byte Char Address Byte char Address Byte char Address 

(HEX) n + 3n + 2n + 1 n (HEX) n + 3n + 2n + 1 n (HEX) n + 3n + 2n + 1 n (HEX) n + 3n + 2n + 1 n 



AO 



A1 



A2 



A3 



A4 



A5 



A6 



A7 



A8 



A9 



AA 



AB 



AC 



AD 



AE 



AF 



BO 



4 7 E 2 CO 



ii 



A 7 C 



DO 



p 



2 3 6 4 



Invalid 



B1 



6 CI 



2 7 6 4 



D1 



e 



7 E 8 



Invalid 



B2 



2 3 C 4 C2 



8 7 8 5 



D2 



1i 



2 3 6 C 



Invalid 



B3 



2 7 8 4 C3 



1 E 



D3 



15 8 4 



Invalid 



B4 



2 6 2 4 



C4 



8 7 8 1 



D4 



8 10 1 



Invalid 



B5 



2 5 A 4 C5 



2 1 E 4 



D5 






6 E 



Invalid 



B6 



2 5 E 4 C6 



2 16 4 D6 



4 6 2 



2 



B7 



7 C7 



5 E 4 D7 



4 6 6 8 



^ 5 

(fi >i 

I is 

> 



o 
o 

O 

o 
a 

(D 

O 

ar 

o 



<D 



A 



B8 



2 7 E 4 C8 



2 6 6 4 D8 



5 A 



Wt 



5 



B9 



2 7 A 4 C9 



8 18 1 D9 



9 2 



F F 



BA 



Invalid 



CA 



6 C DA 



4 18 2 



A 5 



BB 



Invalid 



CB 



2 6 A 



DB 



Invalid 



Invalid 



BC 



4 8 2 



CC 



E 



DC 



5( 1 8 



g 2 4 



BD 



2 8 4 CD 



16 6 2 



DD 



Invalid 



Invalid 



BE 



10 8 8 



CE 



16 6 8 



DE 



Invalid 



4 2 



BF 



Invalid 



CF 



7 E 



DF 



Invalid 



SEC 
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MPD7227 INTELLIGENT DOT-MATRIX 
LCD CONTROLLER/DRIVER 

DESCRIPTION ThejLiPD7227 Intelligent Dot-matrix LCD Controller/Driver is a peripheral device 

designed to interface most microprocessors with a wide variety of dot matrix LCDs. 
It can directly drive any multiplexed LCD organized as 8 rows by 40 columns, and is 
easily cascaded up to 16 rows and 280 columns. The juPD7227 is equipped with 
several hardware logic blocks, such as an 8-bit serial interface, ASCII character 
generator, 40 x 16 static RAM with full read/write capability, and an LCD timing 
controller; all of which reduce microprocessor system software requirements. The 
juPD7227 is manufactured with a single 5V CMOS process, and is available in a 
space-saving 64-pin flat plastic package. 



FEATURES • Single-chip LCD controller with direct LCD drive 

• Compatible with most microprocessors 

• Eight row drives 

— Designed for dot -matrix LCD configurations up to 280 dots 

— Designed for 5 x 7 dot-matrix character LCD configuration; up to 8 characters 

— Cascadable to 16 row drives 

• 40 column drives 

— Cascadable to 280 column drives 

• Hardware logic blocks reduce system software requirements 

— 8-bit serial interface for communication 

— ASCII 5x7 dot-matrix character generator with 64-character vocabulary 

— 40 X 16 bit static RAM for data storage, retrieval, and complete back-up 
memory capability 

— Voltage controller generates LCD bias voltages 

— Timing controller synchronizes column drives with sequentially-multiplexed 
row drives 

• Single +5V power supply 

• CMOS technology 




PIN CONFIGURATION 
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PIN NUMBER 


SYMBOL 


FUNCTION 


1 


NC 


No connection 


2-24,47-57, 
59-64 


C0-C39 


LCD Column Driver Outputs 


25 


vss 


Ground 


26,58 


Vdd 


Power supply positive Apply single voltage 
ranging from 2.7V to 5.5V for proper 
operation 


27 


CLOCK 


System Clock input (active high) connect to 
external clock source. 


28 


RESET 


Reset input (active high) R/C circuit or 
pulse initializes /iPD7227 after power-up 


29 


SI 


Serial input (active high) Data input from 
microprocessor 


30 


C/D 


Command/Data Select input (active both 
high and low) Distinguishes serially input 
data byte as a command or as display data. 


31 


SO/BUSY 


Serial Output (active high)/Busy output 
(active low) Data output from /jPD7227 
to microprocessor when m READ MODE 
and C/D is low Handshake output indicates 
that )L(PD7227 is ready to receive/send next 
data byte 


32 


SCK 


Serial Clock input (active low) Synchronizes 
8-bit serial data transfer between microproc- 
essor and ;.<PD7227 


33 


CS 


Chip Select Input (active low) enables 
/UPD7227 for communication with micro- 
processor 


34 


SYNC 


Synchronization port (active high) For 
multichip operation tie all SYNC lines 
together, and configure with MODE SET 
command 


35-38 


VLCD1.VLCD2. 
VlCD3,VlCD4 


LCD Bias Voltage supply inputs to LCD 
Voltage Controller Apply appropriate volt- 
ages from a voltage ladder connected across 

Vdd. 


39-46 


RO/8-R7/I5 


LCD Row Driver Outputs. 



PIN DESCRIPTION 



R0-R7 

OR 
R8-R15 



ROW DRIVER 



j3l 



COLUMN DRIVER 



TIMING 
CONTROLLER 



3 



Vdd- 
vlcdi- 
Vlcdj- 

VLCD3- 
VLCD4-*- 



s: 



STATIC RAM 

(ORGANIZED AS TWO 

40x8 BIT BANKS) 



:^ 



DATA POINTER 



COMMAND 
DECODER 



ASCII 
X 7 DOT MATRIX 
CHARACTER 
GENERATOR 



f f w 



M 



TT ru 

CS C/D SO/BUSY SCK SI 



BLOCK DIAGRAM 
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COMMAND SUMMARY 



Command 


Description 


Instruction Code | 


Binary 


HEX 


Dy Dq D5 D4 D3 D2 Di Do 


1.M0DE SET 


Initialize theMPD7227, 
including selection of 

1. LCD Drive 
Configuration 

2. Row Driver Port 
Function 

3. RAM Bank 

4. SYNC Port Function 


1 1 D2 Di Do 


18-1F 


2. FRAME FRE- 
QUENCY SET 


Set LCD Frame 
Frequency 


1 D2 D-i Do 


10-17 


3. LOAD DATA 
POINTER 


Load Data Pointer with 
7 bits of Immediate 
Data 


1 De D5 D4 D3 D2 Di Do 


80-E7 


4. WRITE MODE 


Write Display Byte in 
Serial Register to RAM 
location addressed by 
Data Pointer, modify 
Data Pointer 


1 10 1 Di Do 


64-67 


5. READ MODE 


Load RAM contents 
addressed by Data 
Pointer into Serial 
Register for output; 
modify Data Pointer 


1 10 Di Do 


60-63 


6. AND MODE 


Perform a Logical AND 
between the display 
byte in the Serial 
Register and the RAM 
contents addressed by 
Data Pointer; write 
result to same RAM 
location; modify Data 
Pointer 


1 10 1 1 Di Do 


6C-6F 


7. OR MODE 


Perform a Logical OR 
between the display 
byte in the Serial 
Register and the RAM 
contents addressed by 
Data Pointer; write 
Result to same RAM 
location; modify Data 
Pointer 


1 10 1 Di Do 


68-6B 


8. CHARACTER 
MODE 


Decode display byte in 
Serial Register into 
5x7 character with 
Character Generator; 
write character to RAM 
location addressed by 
Data Pointer; increment 
Data Pointer by 5 


1 11 10 


72 


9. SET BIT 


Set single bit of RAM 
location addressed by 
Data Pointer; modify 
Data Pointer 


1 D4 D3 D2 Di Do 


40-5 F 


10. RESET BIT 


Reset single bit of RAM 
location addressed by 
Data Pointer; modify 
Data Pointer 


1 D4 D3 D2 Di Do 


20-3F 


11. ENABLE 
DISPLAY 


Turn on the LCD 


10 1 


09 


12. DISABLE 
DISPLAY 


Turn off the LCD 


10 


08 



Further details of operation can be found in the "iuPD7227 Intelligent Dot-Matrix 
LCD Controller/Driver Technical Manual." 
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Power Supply, VpD -0.3V to +7.0V 

All inputs and outputs with respect to Vss • • -0.3V to Vqd +0.3 

Storage Temperature -65° C to +150° C 

Operating Temperature -10°C to +70°C 

Ta = 25°C 

*COI\/IMENT. Exposing the device to stresses above tliose listed in Absolute Maximum Ratmgs 
could cause permanent damage. The device is not meant to be operated under conditions outside 
the limits described in the operational sections of this specification. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 



^10 C to +70 C, Vdd = + 5.0V ± 10% 



DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


CONDITIONS 


MIN 


TYP 


MAX 


Input Voltage 
High 


V|H 


0.7 Vdd 




Vdd 


V 




Input Voltage 
Low 


V|L 







0.3 Vdd 


V 




Input Leakage 
Current High 


'lih 






+10 


mA 


V|H = Vdd 


Input Leakage 
Current Low 


Ilil 






-10 


mA 


V|H = 0V 


Output Voltage 
High 


VOHi 


VdD-0 5 






V 


SO/BUSY, loH = -400 mA 


V0H2 


SYNC, loH = -100 mA 


Output Voltage 
Low 


V0L1 






45 


V 


SO/BUSY, loL = +1-7mA 


V0L2 


SYNC, loL = +100 mA 


Output Leakage 
Current High 


'loh 






+ 10 


mA 


VoH = Vdd 


Output Leakage 
Current Low 


'lol 






-10 


mA 


VoL=OV 


LCD Operating 
Voltage 


vlcd 


3.0 




Vdd 


V 


8-Row Multiplexed LCD 
Drive Configuration 




Vdd 




16-Row Multiplexed LCD 
Drive Configuration 


Row Drive 

Output 

Impedance 


Rrow 




4 


8 


kn 




Column Drive 

Output 

Impedance 


^COLUMN 




10 


15 


kf2 




Supply Current 


'dd 




200 


400 


mA 


f0 = 400 KHz 



Ta = -25°C,VDD = 0V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C| 






10 


PF 


f0= 1 MHz 

Unmeasured pins 
returned to Ground. 


Output Capacitance 


Co 






25 


PF 


Input/Output Capacitance 


C|0 






15 


pF SYNC 



CAPACITANCE 
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,AC CHARACTE R ISTICS Ta' "io°c to +70°c, Vqd • +5.ov ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


CONDITIONS 


MIN 


TVP 


MAX 


Clock Frequency 


f0 


100 




1000 


KHz 




Clock Pulse Width High 


t0WH 


400 






ns 




Clock Pulse Width Low 


t0WL 


400 






ns 




SCK Cycle 


tCY,^ 


0.9 






MS 




SCK Pulse Width High 


tkWn 


400 






ns 




SCK Pulse Width Low 


tKWL 


400 






ns 




SCK Hold Time After BUSYt 


tKHB 









ns 




SI Setup Time To SCKt 


t|SK 


100 






ns 




SI Hold Time After SCKt 


t|HK 


250 






ns 




SO Delay Time After SCKi 


tODK 






320 


ns 


ClOAD = 50 pF 


SO Delay Time After C/DI 


tODo 






2 


MS 


SCK Hold Time After C/D| 


^KHd 


2 






MS 


BUSY Delay Time After 8th SCKt 


tBDK 






3 


MS 


BUSY Delay Time After C/Dt 


tBDo 






2 


MS 


BUSY Delay Time After CSl 


tBDc 






2 


MS 


C/D Setup Time to 8th SCKt 


tDSK 


2 






MS 




C/D Hold Time After 8th SCKt 


tDHK 


2 






MS 




CS Hold Time After 8th SCKt 


tCHK 


2 






MS 




CS Pulse Width High 


tCWH 


2/f0 






MS 




est Delay Time to BUSY Floating 


tCDg 


2 






MS 


CLOAD^50pF 


SYNC Load Capacitance 


C LOADS 






100 


PF 





AC CHARACTERISTICS Tg - 10 to +70° c, Vpo = 2.7 to 5 5V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


CONDITIONS 


MIN 


TYP 


MAX 


Clock Frequency 


f0 


100 




250 


KHz 




Clock Pulse Width High 


t0WH 


1800 






ns 




Clock Pulse Width Low 


t0Wi_ 


1800 






ns 




SCK Cycle 


^CY^ 


4 






MS 




SCK Pulse Width High 


tkWH 


1800 






ns 




SCK Pulse Width Low 


tKWL 


1800 






ns 




SCK Hold Time After BUSYt 


tKHB 









ns 




SI Setup Time To SCKt 


tlSK 


500 






ns 




SI Hold Time After SCKt 


t|HK 


1 






ns 




SO Delay Time After SCKt 


tODK 






1200 


ns 


CLOAD^^SOpF 


SO Delay Time After C/Di 


tODp 






3 


MS 


SCK Hold Time After C/D| 


tKHp 


3 






MS 


BUSY Delay Time After 8th SCKt 


tBDK 






4 


MS 


BUSY Delay Time After C/Dt 


tBDp 






3 


MS 


BUSY Delay Time After CSt 


tBDc 






3 


MS 


C/D Setup Time to 8th SCKt 


tDSK 


3 






MS 




C/D Hold Time After 8th SCKt 


tDHK 


3 






MS 




CS Hold Time After 8th SCKt 


tCHK 


3 






MS 




CS Pulse Width High 


tCWH 


2/f(}) 






MS 




est Delay Time to BUSY Floating 


tCDB 


3 






MS 


ClOAD = 50 pF 


SYNC Load Capacitance 


Cloads 






100 


pF 
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5X7 CHARACTER SET 
AS GENERATED IN jjlPD7227 
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|xPD7228 
INTELLIGENT DOT-MATRIX 
LCD CONTROLLER/DRIVER 



Description 

The fxPD7228 Intelligent Dot-Matrix LCD Controller/Driver 
is a peripheral device designed to interface most micro- 
processors with a wide variety of dot-matrix LCDs. It can 
directly drive any multiplexed LCD organized as 8 rows x 
50 columns or 16 rows by 42 columns. The |jlPD7228 has 
a standby function to conserve power. It is equipped with 
several logic blocks, such as an 8-bit serial interface, a 
4-bit parallel interface, an ASCII upper/lower case, a Kana 
character generator, a 50 x 16 static RAM with full read/ 
write capability, and an LCD timing controller, all of which 
reduce microprocessor system software requirements. 
The |jlPD7228 is manufactured with a single 5V CMOS 
process, and is available in an 80-pin space saving flat 
plastic package. 
Features 
n LCD direct drive 

n 8-line or 16-line multiplexing drive possible with 
single chip 

- 8-line multiplexing: 400 (50 x 8) dots 

- 16-line multiplexing: 672 (42 x 16) dots 

n 8-line or 16-line multiplexing drive with n chip 
configuration 

- 8-line multiplexing: n x 400 (n x 50 x 8) dots 

- 16-line multiplexing: n x 800 (nx 50x16) dots 

□ RAM: 2 X 50 X 8 bits for display data storage 
n Programmer designated dot (graphics) display 

□ 5 X 7 dot-matrix display by on-chip character generator 
ASCII characters (alphanumerics, others): 64 charac- 
ters; J IS characters (Kana and others): 96 characters 

□ Cursor operating command 

n 8-bit serial interface compatible with |jlPD7500, 

M,COM-43N, fxCOM-87/87LC 
n 4-bit parallel interface compatible with |xPD7500, 

^JLCOM-84/84C 
n Standby function 
D CMOS 

n Single power supply 
n 80-pin plastic flat package 
n Extended -40°Cto + 85°C temperature 

range available 



Pin Configuration 



n n «o n 

o o u u 



uuoououuooouu 



C38[ 

C39 [ 

C40 1 
C41 ( 

C42/R15 I 
C43/R14 ( 
C44/R13 ( 

C45/R12 [ 
C46/R11 [ 
C47/R10 I 
C48/R9 1 

C49/R8 [ 

R15/R7 [ 
R14/R6 [ 

R13/R5 [ 

R12/R4 [ 

R11/R3 1 

R10/R2 [ 

R9/R1 [ 

Rfl/Ro I 

Vlcs [ 

Vlci[ 

NC [ 

VI.C4C 



nnnnnnnnnnnnnnnn 


80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 


1 


64 


2 


63 


3 


62 


4 


61 


5 


60 


6 


59 


7 


58 


8 


57 


9 


56 


10 


55 


11, 


54 


12 ^PD7228 53 


13 


52 


14 


51 


15 


50 


16 


49 


17 


48 


18 


47 


19 


46 


20 


45 


21 


44 


22 


43 


23 


42 


24 


41 


25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 { 



1 ^20 

3Ci8 
]Ci7 
lCi6 
]Ci5 
lCi4 
lCi3 
IC12 

iCio 
)C9 
iCs 
IC7 

iCe 
IC5 
IC4 
IC3 
IC2 
|Ci 
I Co 
I NC 



uuuuuuuuuuuuuuuu 

Sj|fpj||,8,S|gg^J|8| 




Pin identification 






Pin 




No. 


Symbol 


Description 


1-18 
42-80 


C0-C41 


LCD Column Drive Outputs 


5-12 


C42/R15-C49/R8 


LCD Row/Column Drive Outputs 


13-20 


R0/R8-R7/R15 


LCD Row Drive Outputs 


21,22 
24-26 


Vlci-Vlc5 


LCD Power Supply 


23,42 


NC 


No Connection 


27 


Dq/SI 


Data Bus 0/Serial Input 


28 


Di(P/S) 


Data Bus 1 (Parallel/Serial Select) 


29 


D2(CAE) 


Data Bus 2 (Chip Address Enable) 


30 


D3/SO 


Data Bus 3/Serial Output 


31 


SYNC 


Synchronization Signal Input/Output 


32 


BUSY 


Busy Signal Output 


33 


VOD 


Power Supply 


34 


Vss 


Ground 


35 


STB/SCK 


Strobe/Serial Clock Input 


36 


C/D 


Command/Data Select Input 


37,38 


CAo, CAi 


Chip Address Select Inputs 


39 


CS 


Chip Select Input 


40 


RESET 


Reset Signal Input 


41 


CLOCK 


System Clock Input 
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Block Diagram 



R-S- 
R-NS - 



Vlc2 0- 



VLC4t>- 

VlcsO- 



Ro^^8~^7^^15 



f'l5'C42~R8'C49 



A A 



Row/Column 
Driver 






Column Driver 



^e > <.> ^ e> ?::> 



LCD 

Voltage 

Control 



LCD Timing 
Control 



Clock 
Buffer 



► R-S 

► R-NS 

► C-S 

- C-NS 



System 

Clock 

Control 



joT 



Data Memory 
BankO 
(50x8 Bits) 



Command 
Decoder 




Data Memory 
Banki 
(50 X 8 Bits) 



II 



Data 
Pointer 



Character 
Generator 
(160 X 5 X 7 Bits) 



7l 



-C-S 
-C-NS 



Serial/Parallel Interface 



NZ 
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Character Codes and Display Patterns 
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Commands for |jiPD7228 

The |jlPD7228 is provided with sixteen types of commands, 
each command consisting of one byte (8 bits). 

Command Summary 



1. Set Frame Frequency 

2. Set Multiplexing Mode 

3. Display Off 

4. Display On 

5. Set Read Mode 

6. Set Write Mode 

7. Set AND Mode 

8. Set OR Mode 



1 F2 F1 FO 



1 1 M2 M1 MO 



10 



10 1 



1 1 II 10 



1 1 1 II 10 



1 1 1 1 II 10 



1 1 1 II 10 



9. Set Character Mode with 1110 11 
Right Entry 



10. *Set Character Mode with 1110 

Left Entry* 

11. Bit Set 



12. Bit Reset 



13. * Write Cursor* 



14. *Clear Cursor* 



15. Load Immediate to 
Data Pointer 

16. *Set Stop Mode* 



1 B2 B1 BO J1 JO 



1 B2 B1 BO J1 JO 



1111 



111110 



1 D6 D5 D4 D3 D2 D1 DO 



1 



Note: *Newly added (compared to plPD7227) 



Command Summary 



Instruction Code 
Binary 



Mnemonic Operation 



HEX 



SFF 













1 





07 


Di 


Do 


10-14 


SMM 


Set Multiplexing IMode 











1 


1 


D? 


Di 


Do 


18-1F 


DISP OFF 


Display Off 


























08 


DISP ON 


Display On 














1 








1 


09 


LDPI 


Load Data Pointer with 


1 


Ds 


Ds 


D4 


D3 


D2 


Di 


Do 


80-B1 
C0-F1 


SRM 


Set Read Mode 







1 











Di 


Do 


60-63 


SWM 


Set Write Mode 







1 








1 


Di 


Do 


64-67 


SORM 


Set OR Mode 







1 





1 





Di 


Do 




SANDM 


Set AND Mode 







1 





1 


1 


Di 


Do 


6C-6F 


SGML 


Set Character Mode with 
Left Entry 







1 


1 











1 


71 


SCMR 


Set Character Mode with 
Right Entry 







1 


1 








1 





72 


BSET 


Bit Set 










D-i 


D3 


D7 


Di 


Do 


40-5F 


BRESET 


Bit Reset 







1 


D^ 


Dt 


D7 


Di 


Do 


20-3F 


WRCURS 


Write Cursor 







1 


1 


1 


1 





1 


7D 


CLOURS 


Clear Cursor 







1 


1 


1 


1 








7C 


STOP 


Set Stop Mode 






















1 


01 



Electrical Specifications 
Absolute Maximum Ratings* 



Ta = 25°C 


Supply Voltage, Vqd 


- 0.3V to + 7.0V 


Input Voltage, V, 


-0.3VtoVDD + 0.3V 


Output Voltage, Vq 


-0.3VtoVDD-fO.3V 


Operating Temperature, Tqpt 


-10°Cto+70X 


Storage Temperature, Tstg 


-65°Cto+150°C 



*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance 

Ta = 25°C; Vdd = OV 





Symbol 


Limits 


( Unit 


Test 


Parameter 


Min Typ Ma» 


Conditions 


input Capacitance 


C,N 




10 


PF 


f : 


= 1iWH2 


Output Capacitance 


CouT 




25 


PF 


Unmeasured pins 


i/O Capacitance 


C,o 




15 


pF 


returned to OV 


DC Characteristics 

Ta = -10°Cto +70°Cj Vdd = 


+ 5V± 


10% 










Symbo 


i 


limits 




Unit 


Test 


Parameter 


1 Mill 


Typ 


Max 


Conditions 


input Voltage High 


V,H1 


0.7VDD 




Vdd 


V 


Except SCK 


V,H2 


0.8Vdd 




Vdd 


V 


SCK 


Input Voltage Low 


V,L 





0.3Vdd 


V 




Input Leakage Current High 


'lih 






10 


jiA 


V, = Vdd 


input Leakage Current Low 


Ilil 






-10 


^A 


V| = ov 


Output Voltage High 


V0H1 


Vdd- 
0.5 






V 


BUSY, D0-D3, 
loH = -400^.A 


VoH2 


Vdd- 
0.5 






V 


SYNC,ioH = 
-IOOjjlA 


Output Voltage Low 


V0LI 






0.45 


V 


BUSY, D0-D3, 
loL = 1.7mA 


VoL2 






0.45 


V 


SYNC, loL = 
lOOfjiA 




'loh 






10 


(.A 


Vo = Vdd 


Output Leakage Current Low 


'lol 






-10 


iiA 


V| = ov 


LCD Operating Voltage 


Vlcd 


3.0 




Vdd 


V 




Row Output impedance 


Rrow 




4 


8 


kfl 






5 


10 


ka 




Column Output impedance 


RcoL 




10 


15 


kft 




Supply Current 


'ddi 




200 


400 


y.A 


Operating iWode, 
fc = 400kHz 


'dD2 






20 


jtA 


Stop Mode, 
CLK = OV 



AC Characteristics 

Ta = -10°Cto +70X; Vdd = +5V ± 10% 
Common Operation 





Symbol 




Limits 




Unit 


Test 




Min 


Typ 


Max 




Clock Frequency 


fc 


100 




1100 


kHz 




Clock Pulse Width High 


*WHC 


350 






ns 




Clock Pulse Width Low 


twLC 


350 






ns 




BUSY Delay Time from CS i 


toCSB 






2 


JJIS 


Cl =50pF 


est Delay Time 
to BU§Y Floating 


toCSBF 






4 


|XS 


Cl = 50pF 


CS High Level Time 


*WHCS 


4 






(XS 




SYNC Load Capacitance 


CuSY 






100 


pF 




Data Set-up Time to RESET i 


tsDR 









^ts 




Data Hold Time from RESET i 


tHRD 


4 






^ls 
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AC Characteristics (Cent.) 

Ta = -10°Cto +70*C; Vdd = +5V ± 10% 
Serial Interface Operation 



> 



fxPD7228 



Serial interface Timing Waveforms (Cont.) 

AC Test Points 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


SCK Cycle 


tcYK 


0.9 






(JLS 




SCK Pulse Width High 


twHK 


400 






ns 




SCK Pulse Width Low 


twLK 


400 






ns 




SCK Hold Time from BUSY t 


tHBK 









ns 




Si Set-up Time to SCK t 


tsiK 


100 






ns 




Si Hold Time from SCK t 


tHKI 


250 






ns 




SO Delay Time from SCK i 


toKO 






320 


ns 


Cl = 50pF 


BUSY Delay Time from 
Eighth §CK f 


toKB 






3 


tJiS 


Cl = 50pF 


BUSY Low-level Time 


twLB 


18 




64 


1/fc 


Cl = 50pF 


C/D Set-up Time to First SCK i 


tsDK 









^is 




C/D Hold Time from Eighth SCK f 


tHKD 


2 






(XS 




CS Hold Time from Eighth SCK t 


^HKCS 


2 






piS 




AC Characteristics (Cont.) 

Ta = -ICC to -H70°C; Vdd = +5V 
Parallel Interface Operation 


± 10% 








Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input Command Set-up Time 
to§TBi 


tA 


100 






ns 


Cl = BOpF 


Input Command Hold Time 
from STB i 


ts 


90 






ns 


Cl = 20pF 


Input Data Set-up Time to STB f 


tc 


230 






ns 


Cl = 80pF 


Input Data Hold Time from STB t 


to 


50 






ns 


Cl = 20pF 


Output Data Delay Time 


tACC 


90 




650 


ns 


Cl = BOpF 


Output Data Hold Time 


tH 







150 


ns 


Cl = 20pF 


STB Pulse Width Low 


tsL 


700 






ns 




STB High Level Time 


tsH 


1 






piS 




STB Hold Time from BUSY f 


tHBS 









(XS 




BUSY Delay Time from 
Second STB t 


toSB 






3 


jxS 




C/D Set-up Time to First STB i 


tsDS 









fJiS 




C/D Hold Time from 
Second STB f 


tHSD 


2 






M-S 




CS Hold Time from Second STB f 


^HSCS 


2 






fJiS 





V ^Tes,-^ V 

yS^ ^^ir Points ^^ J^ 



Clock Waveform 



•4—1/1 


c-^ 




twHC 




lJ ' 


twLcl 


^^_ 



Interface Timing Waveforms 



Di,D2 



V 

H tH, 



Z)CZK 



Parallel Interface Timing Waveforms 



CS 



> 



Serial Interface Timing Waveforms 

' ^ f\. 

►! ^HKCS H^ 

C/D 



-Jt, 



-tocSB 



1 



h— tsDS tHSD-* 




D0-D3 



■^l 




t 




-J U twLB 



tsH I*"— -^ U twLi 

.2ndj 



Control Input 



^T^^T^Inp 




Output 
Data 



Package Outlines 

For information, see Package Outline Section 7. 
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fjLPD7261 
HARD-DISK CONTROLLER 



Description 

The |jlPD7261 hard-disk controller is an intelligent micro- 
processor peripheral designed to control a number of 
different types of disk drives. It is capable of supporting 
either hard-sector or soft-sector disks and provides all con- 
trol signals that interface the controller with either SMD disk 
interfaces or Seagate floppy-like drives. Its sophisticated 
instruction set minimizes the software overhead for the host 
microprocessor. By using the DMA controller, the micro- 
processor needs only to load a few command bytes into the 
|jlPD7261 and all the data transfers associated with read, 
write, or format operations are done by the |xPD7261 and 
the DMA controller. Extensive error reporting, verify com- 
mands, ECC, and CRC data error checking assure reliable 
controller operation. The |jlPD7261 provides internal 
address mark detection, ID verification, and CRC or ECC 
checking and verification. An eight-byte FIFO is used for 
loading command parameters and obtaining command 
results. This makes the structuring of software drivers a 
simple task. The FIFO is also used for buffering data during 
DMA read/write operations. 

Features 

n Flexible interface to various types of hard-disk drives 

D Programmable track format 

D Controls up to 8 drives 

□ Parallel seek operation capability 

D Multisector and multitrack transfer capability 

D Data scan and data verify capability 

D High-level commands, including: 

READ DATA SEEK (normal or buffered) 

READ ID RECALIBRATE (normal or buffered) 

WRITE DATA READ DIAGNOSTIC (SMD only) 

FORMAT SPECIFY 

SCAN DATA SENSE INTERRUPT STATUS 

VERIFY DATA SENSE UNIT STATUS 

VERIFY ID DETECT ERROR 

CHECK 
D NRZ or MFM data format 
D Maximum data transfer rate: 12MHz (SMD mode) 
D Error detection and correction capability 
D Simple I/O structure: compatible with most 

microprocessors 
D All inputs and outputs except clock pins are TTL- 

compatible (clock pins require pullup) 
D Single + 5V power supply 
D 40-pln dual-in-line package 



Pin Configuration 



SYNC C 


1 L__J 


40 


DVcc 




R/W DATA E 




39 


HBTI 


(RGATE) 


r/wclkC 




38 


I]BTO 


(WGATE) 


RESET C 




37 


DCLK 




INTd 




36 


3 INDEX 




DREQC 




35 


USCT 


(PCL) 


TCC 




34 


DUSTG 


(PCE) 


CSC 




33 


JSSTG 


(DSD) 


^^ ' ,PD7261 
WRC10 


32 
31 


Ubdir 

I1TG3 


(SKC) 
(TRKO) 


AOC 


11 


30 


:]TG2 


(READY) 


DOC 


12 


29 


3 TGI 


(WFLT) 


D1 C 


13 


28 


IJBT2 


(DSO) 


D2C 


14 


27 


I1BT3 


(DS1) 


D3C 


15 


26 


DBT4 


(HSO) 


D4C 


16 


25 


1BT5 


(HS1) 


D5C 


17 


24 3 BT6 


(HS2) 


D6C 


18 


23 


DBT7 


(RWC) 


D7C 


19 


22 


DBT8 


(STEP) 


gndC 


20 


21 


I]BT9 


(BDIR) 



Note: Signals shown in parentheses are used when the |jlPD7261 is in the floppy-like mode. 



Pin Identification — 


Host Interface Pins 




Pin 


I/O 


Function 


No. 


Name 




RESET 


1 


Reset input. When high, it forces the device into an 
idle state. The device remains idle until a command 
is issued by the system. 




INT 





Interrupt request to the system, set high for 




DREQ 





DIMA request. Normally low, set high to request a 
transfer of data between the disk controller and 




TC 


1 


This is used as a terminal count input durmg DMA. 




CS 


1 


writing into the register selected by AO. 




RD 


1 


Read strobe. When low, selected register contents 
are read. 


10 


vm 


1 


Write strobe. When low, data is written Into the 
selected register. 


11 


AO 


1 


Register select input, to be connected to a non- 
data buffer is selected. 


12-19 


D0-D7 


I/O 


Data bus port, to be connected to data bus. 


20 


GND 


P.S. 


Ground. 


36 


INDEX 


1 


This signal indicates the beginning of sector zero. 


37 


CLOCK 


1 


External clock input, used as timing clock for the 


40 


Vcc 


P.S. 


+ 5V power supply. 
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Disk Interface Pins (Defined by mode) 





Pin 


SMD 


Floppylike 


No. 


Name 


1 


SYNC 


Read Clock Enable 


PLO Lock/Read Clock Enable 


2 


R/W DATA 


Read/Write Data 


Read/Write Data 


3 


R/WCLK 


ReadClockl Servo Clock 


ReadClockl Write Clock 


21 


BT9, DrR 


Bit9 1 UnitSelected 


Direction In 


22 


BT8, -STEP 


Bit 8 1 Seek End 


Step Pulse 


23 


BT7, RWC 


Bit7 1 WR Protected | (SR7) 


Reduced Write Current 


24 


BT6, HS2 


Bite 1 (AM Found) | (SR6) 


Head Select 22 


25 


BT5, HS1 


Bits 1 Unit Ready | (SR5) 


Head Select 21 


26 


BT4,HS0 


Blt4 1 On Cylinder | (SR4) 


Head Select 20 


27 


BT3, DS1 


Blt3 1 Seek Error | (SR3) 


Drive Select 2^ 


28 


BT2, DSO 


Blt2 1 Fault 1 (SR2) 


Drive Select 29 


29 


TGI.WFLT 


Tagi 


Write Fault 


30 


TG2, READY 


w? 


Ready 


31 


TG3, TRKO 


W^ 


Ti-ackOOO 


32 


BDIR, SKC 


Direction 


Seek Complete 


33 


SSTG, DSD 


(SR Select tag) 


Drive Selected 


34 


USTG, PCL 


Unit Select Tag 




35 


SCT, PCE 


Sector 1 (SRI) 


Precomp Early 


36 


INDEX 


Index 1 (SRO) 


Index 


38 


BTO, WGATE 


BItO 


Write Gate 


39 


BT1,RGATE 


Bit1 


Read Gate 



Note: The multifunction signals above are defined by the use of the Specify command By setting 
the SSEC bit in the mode byte of the Specify command to a one the floppy-like mode is 
selected To better understand the functions of these pins, refer to the individual instructions 
and to the SMD and floppy-like interface definitions 



Block Diagram 



R/W CLK 

RGATE -• — 

R/W DATA ■* ► 

WGATE -• — 
SYNC-* — 

SCT 

INDEX 



DREQ< 



Format 
Controller 



Data Buffer 
8-byte FIFO 



Processing Unit 



Command/ 
Status Reg. 



TC - 
AO- 
RD - 
WR - 
CS- 



Read/ 
Write 
Control 



-CLK 
- RESET 



Port 
Control 



Multifunction 
Disk 

Interface 
Lines 



ROM 
(Control Firmware) 



DC Characteristics 





Symbol 


LimHs 


Unit 


Test 




Min 


Max 


Cc»nditions 


Input Low Voltage 


V,L 


-0.5 


+ 0.8 


V 


All except CLK 


Input Low Voltage 


V,L1 


-0.5 


+0.6 


V 


CLK 


input High Voltage 


V,H 


-1-2.0 


Vcc 


V 


All except CLK, RESET 


Input High Voltage 


V,H1 


+ 3.3 


Vcc 


V 


CLK, RESET 


Output Low Voltage 


Vol 




+0.45 


V 


lou=+2.0mA 
DREQ, INT, D0-D7 


Output Low Voltage 


VOLI 




+0.45 


V 


loL=+1-6mAall 
except DREG, INT, 
D0-D7 


Output High Voltage 


VOH 


+2.4 




V 


loH=-100fxADREQ, 
INT, D0-D7 


Output High Voltage 


VOHI 


+ 2.4 




V 


loH=-50(JiAall 
except DREQ, INT, 
D0-D7 


Input Leakage Current 


l|L 




±10 


f.A 


V,N = Vccto0.45, 
all except Pins 
21-34 


Input Leakage Current 


l|L1 




±500 


|xA 


V,N = Vccto0.45 
Pins 21-34 


Output Leakage Current 


•OL 




±10 


^A 


VouT=Vccto0.45 


Input Capacitance 


C,N 




15 


pf 


f=1MHz 


Output Capacitance 


CquT 




15 


pf 


f=1MHz 


I/O Capacitance 


C|o 




20 


pf 


f=1MHz 


Supply Current 


Ice 




360 


mA 


Vcc = 5V ± 10% 
Ta = 0to70X 


Supply Voltage 


Vcc 


+ 4.5 


5.5 


V 


Ta = 0to70°C 



Absolute Maximum Ratings* 






Operating Temperature 


0°C 


to +70X 


Storage Temperature 


-65°C 


to +150°C 


Voltage on any Pin with Respect to Ground 


-0.5V 


to +7.0V 



*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

AC Characteristics (Processor Interface) 





Symbol 


Limjts 


Unit 


Test 




Min 


Max 


Conditions 


CLOCK Cycle 


<t>CY 


90 




ns 




CLOCK Low Time 


<t>CH 


32 




ns 




CLOCK High Time 


<t>CL 


32 




ns 




CLOCK Rise Time 


4>R 




10 


ns 




CLOCK Fall Time 


4>F 




10 


ns 




AO.CS Setup to W 


tAR 







ns 




AO,CS Hold from RD 


tRA 







ns 




RD Pulse Width 


tpR 


200 




ns 




Data Delay from RD 


tRD 




150 


ns 




Output Float Delay 


tcF 





100 


ns 




Data Delay from A0,€S 


tAD 




150 


ns 




AO,CS Setup to WR 


tAW 







ns 




AO,CS Hold from WR 


twA 







ns 




WR Pulse Width 


tww 


200 




ns 




Data Setup to WR 


tow 


100 




ns 




Data Hold from WR 


two 







ns 




^overy Time from RD, 


tRV 


200 




ns 




RESET Pulse Width 


tRST 


100 




(f,CY 




TC Pulse Width 


tTC 


100 




ns 




INT Delay from WR 


twi 




200 


ns 




DREQ Delay from WR 


twAI 




250 


ns 




DREQ Delay from RD1 


*RAI1 




250 


ns 




DREQ Delay from RD 2 


tRAI2 




150 


ns 




AC Characteristics (Floppy-like interface) 




Symbol - 


LimHs 


Unit 


Test 


Min 


Max 


Conditions 


R/WCLK Cycle Period 


tcY 


83 




ns 




R/WCLK Low Time 


tcL 


30 




ns 




R/WCLK High Time 


tcH 


30 




ns 




R/WCLK Rise Time 


tR 




10 


ns 




R/WCLK Fall Time 


tp 




10 


ns 




R/WDATASetupto 
R/WCLK 


toes 


40 




ns 




R/WDATA Hold from 
R/WCLK 


tcDH 


6 




ns 




R/WDATA Delay from 
R/WCLK 


toCD 




70 


ns 




RGATE Delay from 
R/WCLK 


tcRG 




300 


ns 




WGATE Delay from 
R/WCLK 


tcWG 




150 


ns 




PCE/PCL Delay from 
R/WCLK 


tcPC 




70 


ns 




SYNC Delay from 
R/WCLK 


tcSY 




150 


ns 





DSO, DS1 Set up to STEP tpssr 250 



DIR Set up to STEP 


toiST 


200 




c|>CY 


STEP Pulse Width 


tsTP 


69 


85 


^CY 


DSO. DS1 Hold from 


*STDS 


750 




<t>CY® 


DIR Hold from §TEP 


tsTDI 


750 




ct)CY® 


DSO, DS1 Hold from SKC 


tsKDS 


100 




<^cy® 


DIR Hold from SKC 


tsKDI 


100 




<j)CY® 


DSO, DS1 Set up to STEP 


toSSTB 


250 




^CY 


DIR Set up to STEP 


tDIST3 


200 




<I>CY 


STEP Pulse Width 


tsTPB 


69 


85 


<t>CY 


STEP Cycle Period 


tsTCB 


570 


795 


*CY 


DSO. DS1 Hold from 


tsTDSB 


200 




ct>cY® 


DIR Hold from STEP 


tsTDIB 


200 




(1>CY® 


DSO, DS1 Hold from SKC 


tSKDSB 


100 




<^cy® 



Normal 

Seek 

Mode 



Buffered 

Seek 

Mode 



DIR Hold from SKC 



_^CY® 



Note: © Polling mode ® Nonpolling 
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AC Characteristics (SA/ID Interface) 

Ta = OX to + 70X; Vcc = + 5V ± 10%; Vss = OV 



Parameter 


Symbol 


Limns 


Unit 


Test 




MIn 


Max 




R/WCLK Cycle Period 


tcY 


83 




ns 




R/WCLK Low Time 


tcL 


30 




ns 




R/WCLK High Time 


tcH 


30 




ns 




R/WCLK Rise Time 


tR 




10 


ns 




R/WCLK Fali Time 


tp 




10 


ns 




R/WDATASetupto 
R/WCLK 


toes 


40 




ns 




R/WDATA Hold from 
R/WCLK 


tcDH 







ns 




R/WDATA Delay from 
R/WCLK 


toco 




70 


ns 




RGATE Delay from 
R/WCLK 


tcRG 




300 


ns 




WGATE Delay from 
R/WCLK 


*CWG 




150 


ns 




SYNC Delay from 
R/WCLK 


tcSY 




150 


ns 





BDIRSetuptoUSTG 



^BDUT 



<t>CY 



BDIR Hold from USTG 



*UTBD 



'l>CY 



UNIT ADR Set up to 
USTG 



^UAUT 



<I'CY 



UNIT ADR Hold from 
USTG 



Unit 

Select 

Operation 



BDIR Set up to TAG 1 



BDIR Hold from TAG 1 



*T1BD 



C YL. ADR Set up to TAG 1 tcAti 



CYL. ADR Hold from 
TAG1 



^TICA 



Cylinder 

Select 

Operation 



TAG 1 Pulse Width 



^TAGI 



*CY 



R Set up to TAG 2 



R Hold from TAG 2 



<t>CY 



HEAD ADR Set up TAG 2 



<t>CY 



HEAD ADR Hold from 
TAG 2 



<t>CY 



Head 
Select 
Operation 



TAG2, Pulse Width 


*TAG2 


24 


36 


<f>CY 




BDIR Set up to TAG 3 


tBDT3 


24 




<t>CY 


RTZ, 


BDIR Hold from TAG 3 


tT3B0 


24 


36 


*CY 


FAULT CLR., 


BT DATA Set up to TAG 3 


tBTT3 




56 


<I>CY 


SERVO, 


RTZ/FLIRST Hold from 
TAG 3 


*T3RBT 


24 




<I>CY 


DATA STB. 


TAG 3 Pulse Width 


*TAG3 


56 


66 


<t>CY 


Control 


DATA STB./SERVO OFF. 
Hold from TAG 3 


trSRBT 


75 




<t'CY 


Timing 


BDIR Delay from SSTG 


tsTBD 


24 




<i>CY 




BDIR High Time 


tBDIR 


54 


66 


<I>CY 


Sense 


BT9 Set up to BDIR 


tB9BD 


24 


36 


*CY 


Unit 


BT9 Hold from BDIR 


tBDB9 


24 


33 


<t>CY 


Status 


SSTG Pulse Width 


*SSTG 




200 


<t>CY 


Timing 



Timing Waveforms Host System Interface 



Clock 




Read Operation 

AO, CS ~ 
RD " 



^ 



|xPD7261 



Write Operation 



AO, CS ) f 



*DW 



^ 



Terminal Count 



k«Tc4 



Interrupt 



INT 
WR 



Drive Interlace 





Read/Write Data Timing 

R/WCLK 




R^WData 
(Output) 



Read/Write Operation 

RMCLK_y 



* ^CBG"*" 



Read Gate 



y-^* 



'|tcwG*l 

>-tcwe*" 



-tcpc- 



i 
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Timing Waveforms (Cont.) 

Normal Seek (Floppy-like) Operation 
Polling Mode 



-Wds- 



Nonpolling Mode 



Buffered Seek (Floppy-like) Operation 
Polling Mode 



DSO, DSI '^' 



D'R > " 



DMA Timing: Read Operation 











CS,AO 










r 


tAB-^ 




— 






— tRA 


RD 










- — t„ 


R ► 




DREQ 






-t 




DREQ 




^tRA.2 


> 




(Final Byte Only) 









Unit Select Operations (SMD Interface) 



Unit Address Valid 



Cylinder Select (SEEK) Operation (SMD Interface) 



BT0-BT9 > ' 



-'tic A *■ 



Cylinder Address Valid 



Head Select Operation (SMD Interface) 



BT0-BT7 ) [ 



Head Address Valid 



Nonpolling Mode 

DS0,DS1 3ZI 



DiR — y 



STEP 



DMA Timing: Write Operation 















CS.AO 


> 

tAW-* 










A 






*— 


i 


♦— t„ 


WR 










-^ t„ 








DREQ 










*-twA.- 





RTZ/Fault Clear Operation (SMD Interface) 



Data Strobe/Servo Offset Control Timing (SMD Interface) 



BT2, BT3, 
BT7, BT8 



-tBTt3- 
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Timing Waveforms (Cont.) 

Sense Unit Status Operation (SI\/ID Interface) 











V. 






BDIR 


f 


\^ 














SSTG ^ 






/ 






-•— *B9BD ^ 


tBDB9 






BT9 


> 


Valid ^ 


( 


Input 










1 























High-level Commands 

SPECIFY 

Allows user to select SMD or floppy-like mode data 
block length, ending track number, end sector num- 
ber, gap length, track at which wnte current is reduced, 
ECC or CRC function, choice of polynomial, and polling 
mode enable. 

SENSE INTERRUPT STATUS 

When a change of disk status occurs, the HDC will interrupt 
the host CPU. This command will reveal the cause of inter- 
rupt, such as seek end, disk ready change, seek error, or 
equipment check. The disk unit address is also supplied. 

SENSE UNIT STATUS 

The host CPU specifies the drive numbers and the HDC 
will return information such as write fault, ready, track 000, 
seek complete and dhve selected, or for SMD units fault, 
seek error, on cylinder, unit ready, AM found, write pro- 
tected, seek end and unit selected. 

DETECT ERROR 

Used after a read operation where ECC has been 
employed. The detect error command supplies the informa- 
tion needed to allow the host CPU to execute an error 
correction routine. (Only allowed when an actual correct- 
able error is detected by the HDC.) 

RECALIBRATE 

Returns the disk drive heads to the home position or track 
000 position. Has four modes of operation: SMD, normal, 
buffered, or nonpolling. 

SEEK 

Moves the disk drive heads to the specified cylinder. As in 
recalibrate, seek has four modes of operation. 

FORMAT 

This command is used to initialize the medium with the 
desired format which includes various gap lengths, data 
patterns, and CRC codes. This command is used in con- 
junction with the specify command. 

VERIFY ID 

Used to verify the ID bytes with data from memory. Per- 
forms the operation over a specified number of sectors. 

READ ID 

Used to verify the position of the read/write heads. 
READ DIAGNOSTIC 

Used In SMD mode only, the command allows the program- 
mer to read a sector of data even if the ID portion of the 
sector Is defective. Only one sector at a time can be read. 



READ DATA 

Reads and transfers to the system memory the number of 
sectors specified. The HDC can read multiple sectors and 
multiple tracks with one instruction. 

SCAN 

Compares a specified block of memory with specified 
sectors on the disk. The 7261 continues until a sector with 
matching data is found, until the sector count reaches zero, 
or the end of the cylinder is reached. 

VERIFY DATA 

Makes a sector-by-sector comparison of data in the system 
memory by DMA transfer. As in read operation, multiple 
sectors and tracks may be verified with this command. 

WRITE DATA 

Data from the system memory transferred by DMA, is writ- 
ten onto the specified disk unit. As in the read command, 
data may be written onto successive sectors and tracks. 

AUXILIARY COMMAND 

Allows four additional functions to be executed: software 
reset, clear data buffer, mask interrupt request bit (masks 
interrupts caused by change of status of drives), and reset 
interrupt caused by command termination (used when no 
further disk commands will be issued, which would nor- 
mally reset the interrupt). 

Command Operation 

There are three phases for most of the instructions that 
the |jlPD7261 can execute: Command Phase, Execution 
Phase, and Result Phase. During the command phase the 
host CPU loads preset parameters into the |jlPD7261 FIFO 
via the data bus and by successive write pulses to the part 
with AO and CS true low. Once the required parameter 
bytes are loaded the appropriate command is initiated by 
issuing a write pulse with AO high and CS low and the 
command code on the data bus. 
The fxPD7261 is now in the execution phase. This can be 
verified by examining the status register bit 7 (the controller 
busy bit). The execution phase is ended when a normal 
termination or an abnormal termination occurs. An abnor- 
mal termination can occur due to a read or write error, or a 
change of status in the addressed disk drive. A normal 
termination occurs when the command given is correctly 
completed. (This is indicated by bits in the status register.) 
The result phase is then entered. The host CPU may 
read various result parameters from the FIFO. These result 
parameters may be useful in determining the cause of an 
interrupt, or the location of a sector causing a read error, 
for example. 

The chart shown on this page illustrates the preset param- 
eters and result parameters that are associated with each 
command. The abbreviations are defined below. 




Preset Parameters and Result Status Bytes 


Disk 


Command 
Code 






Command 


1st 


2nd 3rd 4th 5th 6th 7th 8th 


DETECT 


0100X 






ERROR 


EADH 


EADL EPT1 EPT2 EPT3 


RECALI- 


0101[B] 






BRATE 


isr 




SEEK 


0110[B] 


PCNH 


PCNL 




1ST* 




FORMAT 


0111(S) 


PHN 


(PSN) SCNT DPAT GPL1 [GPL3] 


WRITE 


EST 


SCNT 
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Preset Parameters and Result Status 
Bytes (Cont.) 



Disk 


Commant 
Code 


1 






Command 


1st 


2nd 3rd 4th 


5th 


6th 


7th 


8th 


VERIFY 


1000(S) 


PHN 


(PSN) SCNT 










ID 


EST 


SCNT 










READ ID 


1001(S) 


PHN 


(PSN) SCNT 










EST 


SCNT 










(READ 
DIAG- 
NOSTIC) 


101 ox 


PHN 


PSN 










EST 












READ DATA 


1011X 


PHN 


(FLAG) LCNH LCNL 


LHN 


LSN 


SCNT 




EST 


PHN (FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 


CHECK 


1100X 


PHN 


(FLAG) LCNH LCNL 


LHN 


LSN 


SCNT 




EST 


PHN (FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 


SCAN 


1101X 


PHN 


(FLAG) LCNH LCNL 


LHN 


LSN 


SCNT 




EST 


PHN (FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 


VERIFY 


1110X 


PHN 


(FLAG) LCNH LCNL 


LHN 


LSN 


SCNT 




DATA 


EST 


PHN (FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 


WRITE 


mix 


PHN 


(FLAG) LCNH LCNL 


LHN 


LSN 


SCNT 




DATA 


EST 


PHN (FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 


SENSE 

INTERRUPT 

STATUS 


0001 X 














1ST 












SPECIFY 


001 ox 


MODE 


DTLH DTLL ETN 


ESN 


GPL2 


}MOPU„RWCL, 
















SENSE 

UNIT 

STATUS 


001 IX 














UST 













Note: ( ) These are omitted for soft-sector disks 
[ ] These are omitted for hard-sector disks 
* 1ST available as a result byte only when in nonpolling mode 
B Indicates buffered mode when set 
S Indicates skewed mode (SMD only) when set 
X Indicates don't care 



Mnemonic Definitions 

EADH Error Address, High Byte 

EADL Error Address, Low Byte 

EPT1 Error Pattern, Byte One 

EPT2 Error Pattern, Byte Two 

EPT3 Error Pattern, Byte Three 

PCNH Physical Cylinder Number, High Byte 

PCNL Physical Cylinder Number, Low Byte 

PHN Physical Head Number 

PSN Physical Sector Number 

SCNT Sector Count 

DPAT Data Pattern 

GPL1 Gap Length One 

GPL3 Gap Length Three 

EST Error Status Byte 

FLAG Flag Byte 

LCNH Logical Cylinder Number, High Byte 

LCNL Logical Cylinder Number, Low Byte 

LHN Logical Head Number 

LSN Logical Sector Number 

1ST Interrupt Status Byte 

MODE Mode 

DTLH Data Length, High Byte 

DTLL Data Length, Low Byte 

ETN Ending Track Number 

ESN Ending Sector Number 

GPL2 Gap Length Two 

RWCL Write Current Cylinder, Low Byte 

RWCH Write Current Cylinder, High Byte 

UST Unit Status Byte 

MGPL1 Modified Gap Length 1 



Status Register 

This register is a read only register and may be read by 
asserting RD and CS with AO high. The status register may 
be read at any time. It is used to determine controller status 
and partial result status. 





Bit 






No. 


Name 


Symbol 


D7 


Controller 
Busy 


CB 


Set by a disk command issue. Cleared when the command 
is completed. (This bit is also set by an external reset 
signal or an RST command, but will be cleared at the com- 
pletion of the reset function.) When this bit is set, a new 
disk command will not be accepted. 



D6 Command CEH 
D5 End CEL 



CEH = OandCEL = 

A disk command is m process, or no disk command is 

issued after the last reset signal or the last CLCE auxiliary 

command. Both the CEH and CEL bits are cleared by 

a disk command, a CLCE auxiliary command, or a 

reset signal. 

CEH =0 and CEL = 1 

Abnormal termination of a disk command. 

Execution of a disk command was started, but was not 

successfully completed. 

CEH = 1andCEL = 

Normal termination of a disk command. 

The execution of a disk command was completed and 

pro perly executed. 

CEH = land CEL = 1 

Invalid command issue. 
Sense SRQ When a seek end, an equipment check condition, or a 

Interrupt ready signal state change is detected, this bit is set 

Status requesting a sense interrupt status command be issued to 

Request take the detailed information. This bit is cleared by an 

issue of that cpmmand or by a reset signal. 

Reset RRQ Set when controller has lost control of the format control- 

Request ler (missing address mark, for example). An auxiliary RST 

command qr another disk command will clear this bit. 



ID 
Error 



Set when a CRC error is detected in the ID field. An auxil- 
iary RST or another disk command will reset this bit. 



Not 
Coincident 



Set if the controller cannot find a sector on the cylinder 
which meets the comparison condition during the execu- 
tion of a scan command. This bit is also set if data from the 
disk does not coincide with the data from the system dur- 
ing a verify ID or a verify data command. This bit is cleared 
by a disk command or a reset signal. 



DO Data 

Request 



During execution of write ID, verify ID, scan, verify data, or 
a write data command, this bit is set to request that data be 
written into the data buffer. 

During execution of read ID, read diagnostic, or read data 
command, this bit is set to request that data be read from 
the data buffer. 



Error Status Byte 

This byte is available to the host at the termination of a 
read, write, or data verification command and provides 
additional error information to the host CPU. If the status 
register indicates a normal command termination, it can be 
assumed that the command was executed without error 
and it is not necessary to read this byte. When it is neces- 
sary to determine the cause of an error this byte may be 
read by issuing an RD pulse with CS and AO low. The 
remaining result bytes associated with a particular com- 
mand may be read by issuing additional RD pulses. Data 
transfer from or to the FIFO is asynchronous and may occur 
at rates up to 2.5M bytes per second. 





Bit 




Description 


No. 


Name 


Symbol 


D7 


End of 
Cylinder 


ENC 


Set when the controller tries to access a sector beyond the 

final sector of a cylinder. 

Cleared by a disk command or an auxiliary RST command. 


D6 


Overrun 


OVR 


When set, indicates that the FIFO became full during a 
read operation, or empty during a write operation. 


D5 


Data 
Error 


DER 


A CRC or an ECC error was detected in the data field. 


D4 


Equip- 
ment 
Check 


EQC 


A fault signal from the drive has been detected or a track 
signal has not been returned within a certain time interval 
after the recalibrate command was issued. 


D3 


Not Ready 


NR 


The drive is not in ready state. 


D2 


No Data 


ND 


The sector specified by ID parameters was not found on 
the track. 


D1 


Not 
Writable 


NWR 


Set if write protect signal is detected when the controller 
tries to write on the disk. It is cleared by a disk command 
or by an auxiliary RST command. 


DO 


Missing 

Data 

Mark 


MDM 


During execution of read data, check, scan, or verify data 
commands, no address mark was found in the data field. 
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Interrupt Status Byte 

This byte is made available to the host CPU by executing 
the Sense Interrupt Status command. This command 
should be issued only when the |jlPD7261 requests it, as 
indicated by bit D4 of the status register. This byte reveals 
changes in disk drive status that have occurred. 



|xPD7267 Floppy-like Interlace 





Bit 




Description 


No. 


Name 


Symbol 


D7 


Seek 
End 


SEN 


A seek end or seek complete signal has been returned 
after a seek or a recalibrate command was issued. 


D6 


Ready 
Change 


RC 


The state of the ready signal from the drives has changed. 
The state itself Is indicated by the NR bit. 


D5 


Seek 
Error 


SER 




D4 


ISffi™"' 


EQC 


identical to bit 4 of the error status byte. 


D3 


Not Ready 


NR 


Identical to bit 3 of the error status byte. 


D2 
D1 
00 


Unit 
Address 


UA2 
UA1 
UAO 


The unit address of the drive which paused an interrupt 
request on any of the above conditions. 



Drive Interface 

The fxPD7261 has been designed to implement two of the 
more popular types of interfaces: the SMD (Storage Mod- 
ule Drive) and the floppy-like Winchester drive which has 
come to be known as the ST-506 (Seagate Technology) 
interface. The desired interface mode is selected by the 
specify command. 

Floppy-like Interface 

In the floppy-like mode the |jlPD7261 performs MFM encod- 
ing and decoding at data rates to 6 MHz and provides all 
necessary drive interface signals. Included internally is cir- 
cuitry for address mark detection, sync area recognition, 
serial-to-parallel-to-serial conversion, an 8-byte FIFO for 
data buffering, and circuitry for logical addressing of the 
drives. External circuitry required consists of control signal 
buffering, a delay network for precompensation, a phase 
lock loop, a write clock oscillator and a differentia! trans- 
ceiver for drive data. The floppy-like interface can be 
implemented with as few as 12 to 14 additional SSI ICs. 




DSD 
READY 
INDEX 
WFLT 
TRKO 
SKC 
RWC 

DiR 
WGATE 
HSO 
HS1 
HS2 
STEP 



DSO 



-<> — e- 



^ ©- 

^ — e- 



-<h — ®- 
-cj — e- 



74LS14 

— o- 
— >- 

— >- 

— "O- 

— .>- 



<h-^ 



l>- 

l^74f 



+ READ DATA 
- READ DATA 



+ WRITE DATA 
- WRITE DATA 



-DRIVE SELECTED 
-READY 
-INDEX 
-FAULT 



-TRACK 000 



-SEEK COMPLETE 



-REDUCED WRITE 



-DIRECTION IN 



-HEAD SELECT 
-HEAD SELECT 1 
-HEAD SELECT 2 
-STEP 



-DRiVESEL2 



-DRIVESEL3 



Note: © = 2200 Pull-up/330a Pull-down terminator 

SMD Interface 

In the SMD mode the |jlPD7261 will support data rates 
to 12 MHz in the NRZ format. All control functions neces- 
sary for an SMD interface are implemented on-chip with 
de-multiplexing of 8 data lines performed externally by a 
single 8-bit latch. A small amount of logic is required to 
multiplex the data and clock lines, and differential drivers 
and receivers are required to implement the actual inter- 
face. Depending on individual logic design and the number 
of drives used, the SMD interface may be implemented with 
as few as 12 ICs. 
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\lPD7261D SMD Interface 



SYNC 
R/W CLK 



BTO 

BT1 

INDEX 

SCT 

TGI 

fG2 

fG3 

SSTG 

USTG 



BT2 
BT3 
BT4 
BT5 
BT6 
BT7 
BT8 
BT9 



8-Bit 
Latch 



-WRITE CLOCK 

- SERVO CLOCK 

- READ CLOCK 

- WRITE DATA 

- READ DATA 

-BITO 
-BIT1 
-INDEX 

- SECTOR 
-TAG1 
-TAG 2 
-TAG 3 

-SR SELECT TAG 

- UNIT SELECT TAG 

-BIT 2 

- BITS 

- BIT 4 
-BITS 
-BIT 6 
-BIT 7 
-BITS 
-BIT 9 

- FAULT 
-SEEK ERROR 
-ON CYLINDER 

- UNIT READY 
-AM FOUND 

- WRITE PROTECTED 
-SEEK END 

- UNIT SELECTED 

-UNITSELO 

- UNIT SEL 1 
-UNITSEL2 



Note: TX and RX are differential drivers and receivers 

Internal Architecture 

The fjLPD7261 can be divided into three major internal 
logic blocks: command processor; format controller; micro- 
processor interface. 

Command Processor 

The command processor is an 8-bit microprocessor with its 
own instruction set, program ROM, scratchpad RAM, ALU, 
and I/O interface. Its major functions are: 
n To decode the commands from the host microcomputer 

that are received through the 8-bit data bus; 
D To execute seek and recalibrate commands; 
D To interface to the drives and read the drive status lines; 
D To load the format controller with the appropriate micro- 
code, enabling it to execute the various read/write data 
commands. 
The command processor microprocessor is idle until it 
receives the command from the host microcomputer. It then 
reads the parameter bytes from the FIFO, and loads them 
into its RAM. The command byte is decoded and, depend- 
ing on its opcode, the appropriate subroutine from the 



2.5K-internal ROM is selected and executed. Some of 
these commands are executed by the command processor 
without involvement of the format controller. When data 
transfers to and from the disk are made, the command 
processor loads the appropriate microcode into the format 
controller, then relinquishes control. When the data transfer 
is complete, the command processor again takes control. 
One other important function that the command processor 
performs is managing the interface to the disk drives. The 
command processor contains an I/O port structure similar 
to many single chip microcomputers in that the ports may 
be configured as input or output pins. Depending on the 
mode of operation selected by the Specify command, the 
command processor will use the bidirectional I/O lines for 
different functions. 
Command Register 

This register is a write only register. It is selected when the 
AO input is high and the OS input is low. There are two kinds 
of commands: disk commands and auxiliary commands. 
Each command format is shown below. 
An auxiliary command is accepted at any time and is imme- 
diately executed, while a disk command is ignored if the on- 
chip processor is busy processing another disk command. 
A valid disk command causes the processor to begin 
execution using the parameters previously loaded into the 
data buffer. Disk commands and the parameters needed 
are described in the next section. 

Disk Command Byte 



CC4 


CC3 


CC2 


CC1 


ceo 


UA2 


UA1 


UAO 



Command Code 



Unit Address (UA) 







CC4- 


-ceo 


















X 


(Auxiliary Command) 











1 


X 


SENSE INT. STATUS ® 













X 


SPECIFY ® 










1 


X 


SENSE UNIT STATUS 












X 


DETECT ERROR ® 









1 


[B] 


RECALIBRATE 












[B] 


SEEK 









1 


[S] 


FORMAT 











[S] 


VERIFY ID 









1 


[S] 


READ ID 












x 


READ DIAGNOSTIC 









1 


x 


READ DATA 




1 







x 


CHECK 




1 




1 


x 


SCAN 




1 







x 


VERIFY DATA 




1 




1 


x 


WRITE DATA 



Note: ® means the UA field is 000 

[B] indicates buffered mode when set 
[S] indicates skewed mode when set 

Format Controller 

The format controller is built with logic that enables it to 
execute instructions at very high speed: one instruction per 
single clock cycle. The major functions it performs are: 

D Sehal-to-parallel and parallel-to-serial data conversion; 

D CRC and ECC generation and checking; 

D MFM data decoding and encoding; 

n Write precompensation; 



6-100 



rxPD7261 



D Address mark detection and generation; 

n ID field search in soft-sector format; 

D DMA data transfer control during read/write operations. 

The major blocks in the format controller are the sequencer 
and the serial/parallel data handler. The sequencer con- 
sists of a writable control store (32 words by 16 bits), a 
program counter, branch logic, and the parameter register. 
The serial/parallel logic consists of a parallel-to-serial con- 
verter for disk write operations, a serial-to-parallel con- 
verter for disk read operations, precompensation logic for 
writing MFM data, comparator logic that locates sync fields, 
address marks, and ID fields. There is also comparator 
logic that is used during Verify Data commands. 

Block Diagram of the Format Controller 



Write Data ^ 


















Precomp. Early ■* 


WR Data Control 




Register 






' 


R/W Clock 












Read Data 


















P-S/S-P 
Converter 




Counter | 


Data 
Buffer 


r 






1 
J 






1 


* 


1 


Comparator | 




n 




t 


t 






Count Register 


.J| 


Parameter 
Registers 














External DB 


t 


Internal DB 






i 












RAM 




Program Counter J 


















_J 






■ Lo 


gic 1 



Microprocessor Interface 

Read/Write Control 

The internal registers are selected via the truth table shown. 
Register Selection Table 



cs 


AO 


"W 


"wT" 


Selection 











1 


Data Buffer 








1 





Register ® 





1 





1 


Status Register 





1 


1 





Command Register 





X 


1 


1 


Don't Care 


1 


X 


X 


X 





X 








Inhibited 



Note: ® Preset parameters and result status information are written and read from the result 
status register in the HDC through this data buffer register 



Interrupt 

The interrupt request line is activated or inactivated accord- 
ing to the following equation: 

INT = CEH + CEL + SRQ-SRQM 
This means that if either of the command end bits is set 
or if the Sense Interrupt Status Request bit is set (and the 
SRQM mask is not set), then an interrupt will be generated. 
The command end bits, CEH and CEL, are set by com- 
mand termination. 

The SRQ bit is set when an equipment check condition or 
a state change of the ready signal from the disk drives is 
detected. It is also set when a seek operation is completed. 
Under these conditions the INT line is activated unless the 
SRQM mask is set. 



Both of the CEH and CEL bits are cleared by a disk com- 
mand, but both bits may be cleared before the next disk 
command by issuing a CLCE auxiliary command. 
The interrupt caused by the SRQ bit indicates that a Sense 
Interrupt Status command should be issued by the host 
microprocessor so that it can determine the exact cause of 
the interrupt. However, the |jlPD7261 may be processing a 
disk command when the interrupt occurs. Since it is not 
possible to issue a disk command while the |jlPD7261 is 
busy an HSRQ auxiliary command can be issued to set the 
SRQM (Sense Interrupt Request Mask) and mask the inter- 
rupt. The SRQM is reset upon completion of the disk 
command in progress. 
DMA Control 

When true, the DREQ pin and the DRQ (data request) bit 
of the status register indicate a request for data transfer 
between the disk controller and external memory These 
are activated during execution of the following disk 
commands: 

HDC <- memory: FORMAT, Verify ID, Scan, 
Verify Data, Write Data 

HDC -^ memory: Read ID, Read Diagnostic, 
Read Data 
Data being read from a disk or external memory is tem- 
porarily stored in the data buffer (8-bytes maximum), and is 
transferred to external memory or a disk respectively 
Data transfers are terminated externally by a reset signal or 
by a read or a write data operation coinciding with an active 
terminal count (TC) signal. They are also terminated inter- 
nally when an abnormal condition is detected or all the data 
specified by the sector count parameter (SCNT) has been 
transferred. 

Data transfers are accomplished by RD or WR signals to 
the |jlPD7261 when DREQ is active. During Read opera- 
tions, DREQ goes active when the FIFO contains three or 
more bytes. If the FIFO contains three bytes and an RD 
pulse is issued, DREQ goes low within tR^n- DREQ 
will stay active on the final sector until the final byte is 
extracted. In this case, DREQ goes low within tRAi2- During 
Write operations DREQ is asserted as soon as a WRITE 
DATA command is accepted. DREQ remains high until the 
FIFO contains six bytes, at which time it goes low within 
twAi- DREQ corresponds to FIFO almost-full and FIFO 
almost-empty as implemented in the fjLPD7261. This has 
been done so that a fast DMA controller may actually over- 
run the FIFO by one or two bytes without harm. 

Recalibrate 




The read/write heads of the specified drive are retracted 

to the cylinder position. 1ST* is available as a result byte 

only if polling mode is disabled. See SPECIFY. 

a. Hard Sector 

An RTZ (Return to zero) signal is asserted on the bit-6 

line with the TAG-3 bit being set. Then the CEH bit of the 

status register is set indicating a normal termination of 

the command. 

After this command is given, the HDC checks the Seek 

End, Unit Ready and Fault lines of the drive continually 
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until an active signal is detected on these lines. Then the 
SRQ bit of the status register is set indicating that a Sense 
Interrupt Status command should be performed. Each bit of 
the 1ST (Interrupt Status) byte is set according to the result, 
in anticipation of the Sense Interrupt Status command, 
b. Soft Sector 

There are four different ways to implement the Recalibrate 
command when the ST506 interface mode has been spec- 
ified. Both polling and nonpolling modes of operation are 
provided, with both normal or buffered Recalibrate com- 
mands available in either mode. 
b-1 . Normal Mode with Polling 
The CEH bit of EST is set to "1" immediately after the 
Recalibrate command is issued (a Recalibrate command 
may now be issued to another drive). The HDC now begins 
generating step pulses at the specified rate. The PCN for 
the drive is cleared and the TRKO signal is checked while 
stepping pulses are sent to one or more drives. When 
TRKO Is asserted, the SEN (Seek End) bit of the 1ST 
(Interrupt Status) byte is set and the SRQ bit of the status 
register is set. This causes an interrupt and requests that a 
Sense Interrupt Status command be issued. If 1023 pulses 
have been sent and TRKO is not asserted, then the SRQ bit 
is again set, but with the SER (Seek Error) bit of the 1ST 
byte set. The Ready signal of each drive is checked before 
each step pulse is sent, and the Recalibrate command is 
terminated if the drive enters a not-ready state, whereby 
the NR bit of the 1ST byte is set to "1'.' 
b-2. Normal Mode with Polling Disabled 
Operation is similar to that in section "b-1" but the CEH 
and GEL bits of the status register are not set until either 
the SEN (Seek End) or the SER (Seek Error) condition 
occurs. The SRQ bit is not set when polling is disabled, and 
the 1ST byte is now available as a result byte when the 
Recalibrate command is terminated (see "Preset Param- 
eters and Result Status Bytes"). It is not possible to overlap 
Recalibrate operations in this mode. 
b-3. Buffered Mode with Polling 
This mode operates in a manner similar to that described 
in section "b-1" but with the following differences: 
1 . 1 023 step pulses are sent at a high rate of speed 
(approximately 50|xs between pulses) 

2. After the required number of pulses are sent, the CEH 
bit is set, and then additional Recalibrate or Seek com- 
mands will be accepted for other drives 

3. The SRQ bit is set when the drive asserts SKC, which 
causes the SEN bit of the 1ST byte to be set 

4. If SEN is not set within the time it takes to send 1023 
"normal" pulses (i.e., when in normal stepping mode), 
then SER of the 1ST byte is set. 

b-4. Buffered Mode with Polling Disabled 
1023 stepping pulses are immediately sent after the 
Recalibrate command is issued. CEH and/or CEL is set 
when SEN or SER occurs. SEN is set when TRKO from 
the addressed drive is asserted. SER is set if TRKO is not 
asserted within the time required to send 1023 "normal" 
pulses. The Recalibrate command will be terminated 
abnormally if a not-ready condition occurs prior to SEN 
being set. The SRQ bit of the status register is not set. The 
1ST byte (Interrupt Status) is available as a result byte when 
either CEH or CEL is set. 



Seek 






0110B 


PCNH 


PCNL 


isr 



PCNH = Physical Cylinder Number, High Byte 
PCNL = Physical Cylinder Number, Low Byte 

The read/write heads of the specified drive are moved 
to the cylinder specified by PCNH and PCNL. 1ST* is 
available as a result byte only if polling mode is dis- 
abled.See SPECIFY. 

a. Hard sector 

The contents of PCNH and PCNL are asserted on the bit-0 
through bit-9 output lines of the SMD interface with the 
TAG-1 control line being set. (The most significant six bits of 
PCNH are not used.) The CEH bit of the status register is 
then set, and the command is terminated normally. 
The HDC then checks the Seek End, Unit Ready and 
Fault lines of the drive continually until an active signal is 
detected on these lines. The SRQ bit of the status register 
is then set requesting that a Sense Interrupt Status com- 
mand be performed. Each bit of the 1ST (Interrupt Status) 
byte is set appropriately in anticipation of the Sense Inter- 
rupt Status command. 

b. Soft Sector (Normal Stepping, Polling Enabled) 

In this mode, the CEH bit of the status register is set to 
"1" as soon as the Seek command is issued. This allows 
a Seek or Recalibrate command to be issued to another 
drive. The HDC now sends stepping pulses at the specified 
rate and monitors the Ready signal. Should the drive enter 
a not-ready state, the SER bit of the 1ST byte is set and the 
SRQ bit of the status register is set, causing an interrupt 
and requesting a Sense Interrupt Status command. When 
the drive asserts the Seek Complete (SKC) signal, the SEN 
bit of the 1ST byte is set and the SRQ bit of the status reg- 
ister is set, again requesting service. 

c. Soft Sector (Normal Stepping, Polling Disabled) 
Stepping pulses to the drive begin as soon as the Seek 
command is accepted. The Ready signal is checked prior 
to each step pulse. If the drive enters a not-ready state the 
Seek command is terminated abnormally (CEL = 1), and 
SER of the 1ST byte is set. If the Seek operation is success- 
ful, the Seek command will be terminated normally (CEH = 
1) when the drive asserts SKC (Seek Complete). The SEN 
(Seek End) bit of the 1ST byte is set and the 1ST (Inter- 
rupt Status) byte is available as a result byte. The Sense 
Interrupt Status command is not allowed (SRQ is not set), 
nor can Seek operations be overlapped in this mode. 

d. Soft Sector (Buffered Stepping, Polling Enabled) 

As soon as the Seek command is accepted by the HDC, 
high-speed stepping pulses are generated. As soon as the 
required number of pulses are sent, CEH is set to "1" indi- 
cating a normal termination. Another Seek command in the 
same mode may now be issued. (The drive is now control- 
ling its own head positioner and asserts SKC when the 
target cylinder is reached.) If the drive has not asserted 
SKC (Seek Complete) within the time it takes to send the 
required number of pulses in normal stepping mode, or if 
the drive enters a not-ready state, then the SER bit of the 
1ST byte and the SRQ bit of the status register are set. 
Otherwise, the SEN bit of the 1ST byte is set, along with 
SRQ of the status register. 
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e. Soft Sector (Buffered Stepping, Polling Disabled) 
In this mode, the appropriate number of high-speed step- 
ping pulses are sent as soon as the Seek command is 
issued. If the drive enters a not-ready state, or if SKC (Seek 
Complete) is not asserted within the time it takes to send 
the required number of pulses in normal stepping mode, 
then the Seek command is terminated abnormally (CEL = 
1). The 1ST byte is available as a result byte and the appro- 
priate bit is set; i.e., SER or NR (Not Ready). If the Seek 
operation is successful, the Seek command is terminated 
normally (CEH = 1) and the SEN bit of the 1ST byte is set. 
The 1ST byte is available as a result byte. The Sense Inter- 
rupt Status command is not allowed (SRQ is not set), nor 
can Seek operations be overlapped in this mode. 



Format 














0111S 


PHN 


(PSN) 


SCNT 


DPAT 


GPU 


[GPL3] 


EST 


SCNT 











PHN = Physical Head Number 

PSN = Physical Sector Number 

SCNT = Sector Count 

DPAT = Data Pattern 

GPL1 = Gap Length 1 

GPL3 = Gap Length 3 

EST = Error Status 

This command is used to write the desired ID and Data 
format on the disk. 

a. When using hard-sector drives, this command will begin 
format-writing at the sector specified by PHN and PSN, 
which are loaded during command phase. 

When soft-sector drives are specified, this command will 
begin format-writing at the sector immediately following the 
index pulse on the track specified by PHN. 
In either case, data transmitted from the local memory by 
DMA operation Is written into the ID field, and the Data field 
is filled with the data constant specified by DPAT until DTL 
(Data Length) is zero. DTL is established during the Spec- 
ify command with DTLH and DTLL. The Sector Count, 
SCNT, is decremented by one at the end of the Format- 
Write operation on each sector. The following bytes are 
required by the HDC for each sector: (FLAG), LCNH, LCNL, 
LHN, and LSN. FLAG is omitted on soft-sector drives. 
These bytes are transferred by DMA. 

b. The above operation is repeated until SCNT is equal 
to zero. The execution of the command is terminated nor- 
mally, when the content of SCNT is equal to zero and the 
second index pulse has occurred. 

c. When using a hard-sector drive, it is possible to write the 
ID field displaced from the normal position by 64 bytes by 
setting the Skew bit of the command byte ((S) = 1). This is 
useful when defective media prevent writing in the normal 
area of the sector. 

d. Items d, e, and h of the Read Data and item d of the 
Write Data command are identical for this command. Refer 
to these items (which appear later in this section) for the 
remaining Format Write detail. 



Verify ID 








1000S 


PHN 


(PSN) 


SCNT 


EST 


SCNT 





PHN = Physical Head Number 
PSN = Physical Sector Number 
SCNT = Sector Count 
EST = Error Status 



ID bytes of specified sectors are read and compared with 
the data that are accessed from local memory via DMA 
control. The first sector that is verified is specified by PHN 
and PSN when a hard-sector disk is used. For soft-sector 
disks, only PHN is given and the Verify ID command begins 
comparisons with the first physical sector on the track. 
Byte comparisons continue as long as successful or until 
the sector count is zero or a CRC error is found. 
When using a hard-sector drive, it is possible to have the 
HDC verify a Skewed ID field by setting the Skew bit of the 
command byte. Refer to the Format Write section, given 
earlier, for details. 



Read ID 








10018 


PHN 


(PSN) 


SCNT 


EST 


SCNT 





PHN = Physical Head Number 
PSN = Physical Sector Number 
SCNT = Sector Count 
EST = Error Status 

ID bytes of specified sectors are read and transferred to 
local memory by DMA. 

Hard-sector disks: Beginning with the sector specified by 
PHN and PSN, the ID bytes of each sector are read until an 
error is found or the SCNT has reached zero. 
It is also possible to perform the above operation with 
skewed ID fields by setting the Skew bit of the command 
byte. This will allow reading ID fields that have been shifted 
by 64 bytes by the Write Skewed ID command. 
Soft-sector disks: This command will begin checking ID 
fields immediately following the index pulse and will con- 
tinue until one valid ID field is read, or until the second 
index pulse is detected. 

Read Diagnostic 




PHN = Physical Head Number 
PSN = Physical Sector Number 
EST = Error Status 

This command is implemented only for hard-sector disks. 
The desired physical sector is specified, and the data field 
will be read even if the ID bytes of that sector contain a 
CRC error. Only one sector at a time may be read by this 
command. 

Read Data 



1011X 


PHN 


(FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 




EST 


PHN (FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 



PHN = Physical Head Number 

FLAG = Flag Byte, Hard-sector ID Field Only 

LCNH = Logical Cylinder Number, High Byte 

LCNL = Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST = Error Status 

This command is used to read and transfer data via DMA 
from the disk to the local memory. 

a. The HDC reads data from the specified sector which is 
determined by the following preset parameters: FLAG (for 
hard sector only), LCNH, LCNL, LHN. and LSN. The drive is 
selected by UA (Unit Address) in the command byte. The 
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HDC then transfers the read data to the local memory via 
DMA operation. 

b. After reading each sector, the HDC updates the SCNT 
and LSN to point to the next sector, and repeats the above 
described operation until SCNT is equal to zero. During the 
above read operations, if LSN is equal to ESN, the HDC 
updates LSN, and continues the read operations after 
relocating the head (track) specified by LHN. 

c. The HDC abnormally terminates the execution of this 
command, if SCNT is not equal to zero when the HDC 
reads out the data from the last sector (LSN = ESN and 
LHN = ETN). The ENC (End of Cylinder) bit of EST (Error 
Status) is set to one in this situation. 

d. The HDC will terminate this command if a Fault signal 
is detected while reading data. The HDC will set the EQC 
(Equipment Check) of the EST (Error Status) byte when 
this occurs. 

e. The HDC will terminate this command abnormally if the 
Ready signal from the drive is not active or becomes not- 
active while a Read Data command is being performed. 
The NR (Not Ready) bit of the EST (Error Status) register 
will be set to one in this case. 

f. The HDC will end this command abnormally if it cannot 
find an AM (Address Mark) (soft-sector mode) or a SYNC 
byte (hard-sector mode) of the ID field before three index 
pulses occur. Under these conditions, the RRQ (Reset 
Request) bit of the STR (Status Register) will be set. In 
order to perform further disk commands the HDC will have 
to be reset because the Format Controller is hung up 
looking for an AM or SYNC byte. 

g. ECC mode: If the HDC detects an ECC error duhng a 
read operation, it will execute the following operations: 
First, the HDC decides whether or not the error is correct- 
able by checking the syndrome of the error pattern. If the 
error is correctable, the HDC terminates the command in 
the normal mode after setting the DER (Data Error) bit of 
EST register to one. The host system can input the error- 
address and the error-pattern information by issuing the 
Detect Error command. If it is not a correctable error, the 
HDC will terminate the command in the abnormal mode 
after setting the DER bit of the EST register to one. 

CRC mode: If the HDC detects a CRC error on a sector 
during the read operation, the HDC will terminate the com- 
mand in the abnormal mode after setting the DER bit of the 
EST register to one. 

h. If the HDC detects an overrun condition during a Read 
Data operation, the OVR (Over Run) bit of the EST register 
is set. (An overrun condition occurs when the internal data 
FIFO Is full, another data byte has been received from the 
disk drive, and a DMA service does not occur.) The com- 
mand is then terminated in the abnormal mode, 
i. If the HDC cannot find the desired sector within the 
occurrence of two index pulses, the ND (No Data) bit of the 
EST register is set to one and the command is terminated 
in the abnormal mode. 

j. If TC (Terminal Count) occurs during a Read Data com- 
mand the DMA transfers to the local memory will stop. 
However, the HDC does continue the read operation until 
SCNT has reached zero or any other errors have been 
detected. 



k. If the Read Data command has been successfully 
completed, the result status will be set indicating such, 
and the result status bytes will be updated according to the 
number of sectors that have been read. The logical disk 
parameters — LSN, LHN, and LCNL — are incremented 
as follows: 

LSN is incremented at the end of each sector until the 
value of ESN is reached. LSN is then set to and LHN is 
incremented. If LHN reaches the value of ETN, then LHN 
is cleared and LCNL is incremented. 
In other words; if a Read or Write operation is terminated 
normally, the various parameters will point to the next logi- 
cal sector. 

If the command is terminated in the abnormal mode, the 
result status bytes will indicate on which sector, cylinder, 
and head the error occurred. 

I. If the HDC cannot detect the Address Mark (soft sector) 
or SYNC bytes (hard sector) immediately following the VFO 
Sync in the data field, the HDC will set the MDM (Missing 
Data Mark) bit of the EST register to one, and will terminate 
the command in the abnormal mode. 



Check 














1100X 


PHN 


(FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 


EST 


PHN (FLAG) 


LCNH 


LCNL 


LHN 


LSN SCNT 



PHN = Physical Head Number 

FLAG = Flag Byte, Hard-sector ID Field Only 

LCNH = Logical Cylinder Number, Higii Byte 

LCNL = Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST = Error Status 

This command is used to confirm that the data previously 
written to the medium by the Write Data command contains 
the correct CRC or ECC. 

a. The HDC reads the data in the sector specified by 
FLAG (hard sector only), LCNH, LCNL, LHN, and LSN. The 
Check command differs from the Read Data command in 
that no DMA transfers occur. 

With the exception of the ECC mode, the Check command 
is the same as the Read Data command. Please refer to 
items b, c, d, e, f, g, h, k, and I of Read Data command for 
details. 

b. If in the ECC mode, the HDC detects only ECC errors 
and does not execute any error-correction operation even 
if the ECC errors are correctable. No data transfers have 
been made, and there is no data to correct. 



Scan 














1101X 


PHN 


(FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 


EST 


PHN (FLAG) 


LCNH 


LCNL 


LHN 


LSN SCNT 



PHN = Pliysical Head Number 

FLAG = Flag Byte, Hard-sector ID Field Only 

LCNH = Logical Cylinder Number, High Byte 

LCNL = Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST = Error Status 



a. In executing the Scan command, the HDC reads the 
data from the sector specified by the preset parameters of 
the command phase. The HDC then compares this data 
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with the data transmitted from the local memory. (The pur- 
pose of this command is to locate a sector that contains 
the same data as the local memory.) 
This command will terminate successfully if the data from 
the disk and the data from the local memory are the same. 
If they are not, the HDC updates SCNT and LSN, and 
executes the above-mentioned operation again. 
If the HDC cannot locate a sector that satisfies the Scan 
conditions, the NCI bit of the STR will be set. The HDC tries 
to compare data until the end of the cylinder has been 
reached, or until SCNT is zero. 

b. If the value of the LSN (Logical Sector Number) is equal 
to that of ESN (Ending Sector Number) after updating LSN, 
the HDC updates the contents of LHN (increasing by 1) and 
that of LSN (LSN = 0), and repeats the operation described 
in item a after selecting the next head. 

c. After comparing the data transferred from the host 
CPU with the data in the specified sectors, the result bytes 
(FLAG, which is only for hard-sector disks, LCNH, LCNL, 
LHN, and LSN) will be set equal to the sector location that 
satisfies the Scan command. 

d. The descriptions in d, e, f, h, and i of Read Data com- 
mand, and items c and d of Verify Data command are 
identical for this command. Refer to these deschptions 
for additional details. 



Verify Data 












1110X 


PHN 


(FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 


EST 


PHN (FLAG) 


LCNH 


LCNL 


LHN 


LSN SCNT 



PHN = Physical Head Number 

FLAG = Flag Byte, Hard-sector ID Field Only 

LCNH = Logical Cylinder Number, High Byte 

LCNL = Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST = Error Status 

This command is used to verify data on the disk. 

a. The HDC reads the data from the specified sector, and 
compares the data transmitted from the local memory via 
DMA with the data from the disk. 

The sector is specified by FLAG (hard sector only), LCNH, 
LCNL, LHN, and LSN, and the drive is selected by UA. If 
the data transmitted from the local memory is the same as 
that read from the sector, the HDC updates the contents of 
LSN and SCNT, and continues the above-mentioned oper- 
ation. After updating SCNT, if the value of SCNT is equal to 
zero, the HDC ends the execution of the command in the 
normal mode. If the value of LSN is equal to that of ESN 
after updating LSN, the HDC updates the contents of LHN 
and LSN, and the HDC continues Verify Data operation 
after selecting the head (track) specified by LHN. 

If the data transmitted from the local memory is not the 
same as that read from the sector, the HDC ends the 
execution of the command in the abnormal mode after 
setting the NCI (Not Coincident) bit of STR to one. 

b. if, after verifying the data on the last sector, the contents 
of SCNT are not equal to zero, the HDC terminates execu- 
tion of the command abnormally after setting the ENC (End 
of Cylinder) bit of the EST register to one. 

c. After verifying the data read from a sector, the HDC 



checks the CRC bytes (CRC mode) or the ECC bytes 
(ECC mode). 

If the HDC detects a CRC or an ECC error on a sector, the 
HDC terminates execution of the command abnormally 
after setting the DER bit of the EST register to a one. 

d. After detecting an active TC signal (TC = 1), the HDC 
executes the above operation by comparing the read data 
from the disk drive with the data 00 instead of the data from 
the main system. 

e. After verification of the data on all the sectors, FLAG 
(hard sector only), LCNH, LCNL, LHN, and LSN are set 

to the values of FLAG, LCNH, LCNL, LHN, and LSN of the 
last verified sector. 

f. The descriptions in items d, e, f, h, i, and I of the Read 
Data command are valid in this command. Please refer to 
these items for additional detail. 



Write Data 












1111X 


PHN 


(FLAG) LCNH 


LCNL 


LHN 


LSN 


SCNT 


EST 


PHN (FLAG) 


LCNH 


LCNL 


LHN 


LSN SCNT 



PHN = Physical Head Number 

FLAG = Flag Byte, Hard-sector ID Field Only 

LCNH = Logical Cylinder Number, High Byte 

LCNL = Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST = Error Status 

a. This command is used to write data into the data field 
of the sectors specified by FLAG (hard disks only), LCNH, 
LCNL, LHN, and LSN, and to write CRC bytes or ECC 
bytes according to each internally specified mode (CRC or 
ECC). The data is written to the disk via DMA transfer from 
the local memory. 

b. After writing data on a sector, the HDC updates 
the contents of SCNT and LSN, and repeats the above 
described Write-Data operation until SCNT is equal 

to zero. 

During the above Write-Data operations, if LSN is equal to 
ESN, the HDC updates LHN and LSN, and continues the 
Write-Data operations after selecting the new head (track) 
specified by LHN. 

As described above, the HDC has the capability of multi- 
sector and multitrack write operations. 

c. The HDC abnormally terminates the execution of 
this command, if the SCNT is not equal to zero when 
the HDC writes the data to the last sector (LSN = ESN 
and LHN = ETN). The ENC (End of Cylinder) bit of the 
EST (Error Status) register is set to one in this situation. 

d. If the Write Protected signal is active (high) at the begin- 
ning of the execution of this command, the HDC ends the 
execution of this command in the abnormal mode after 
setting the NWR (Not Writable) bit of the EST register to 
one. 

e. After detecting an active TC signal (TC = 1), the HDC 
writes the data 00 to the sector, instead of the data from 
the host system, until the SCNT is equal to zero, or until the 
HDC detects any abnormal state. 

f. In the floppy-like mode, the HDC will set the-Reduced 
Write Current output bit of port 1 to a one when the cylinder 
number becomes greater than that specified by RWCH and 
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RWCL. These parameters are loaded during execution of 
the Specify command. 

The descriptions in items d, e, f, h, i, and l< of the Read Data 
command are applicable here also. Refer to these items for 
further detail. 

Sense Interrupt Status 



1ST = Interrupt Status 

a. The HDC transfers the new disk status to the host CPU 
at the end of a Seek or Recalibrate operation or the new 
disk status resulting from a change of state of the Ready 
signal, which may occur at any time. 

b. If the Seek or Recalibrate command in progress is com- 
pleted when this command is issued or if there has been 
no change of state of the Ready signal from the drive, this 
command will be terminated abnormally 

Specify 



0010X 


MODE 


DTLH 


DTLL 


ETN 


ESN 


GPL2 


(MGPL1) 
[RWCH] tRWCL] 





MODE = Mode Byte; Selects Operation Mode 



MDU 


ECC 


CRCS 


SSEC 


DSL/ 
STP3 


DSE/ 
STP2 


SOM/ 
STP1 


SOP/ 
STPO 



Bit Name Specified Mode 



MDU 



ECC 



1 Inhibited 



IVIFIVI data when SSEC = 1 , NRZ when SSEC 



1 ECC is appended in data field 
(x2i + 1)(xii + x2 + 1) 



CRC is appended in data field 



CRCS 



SSEC 



1 Generator polynomial: (x^^ + ■}) 



Generator polynomial: (x^s + x^^ + x^ + 1) 



1 Soft-sector disk (floppy-like interface) 
Hard-sector disk (SMD interface) 



SSEC = 



SSEC = 1 



DSL 


Data Strobe Late 


DSE 


Data Strobe Early 


SOM 


Servo Offset Minus 



SOP Servo Offset Plus 



STP3 
STP2 
STP1 
STPO 



Stepping Rate = (16 -STP)x 21100 xtcv 



Stepping rate for 
ST506 Mode: 
fH = 2.11ms 

Oh = 33.76ms 
assuming a 10MHz- 
processor clock. 



DTLH = Data Length, High Byte 



1 


CRC- 


PAD 


POL 


DTL11 


DTL10 


DTL9 


DTL8 



CRC* = Initial Value of Polynomial Counter, Either All Zeros or All Ones 
PAD = Selects ID/Data pad of OOH if 

= Selects ID/Data pad of 4EH if 1 . 
POL = Polling Mode if 

= NonpollingModeif 1. 
DTLL = Data Length, Low Byte 
ETN = Ending Track Number 
ESN = Ending Sector Number 
GPL2 = Gap Length 2 

MGPL1 = Gap Length 1 (used in SMD mode only). Controls Read Gate Timing 
RWCH = Reduced Write Current (Cylinder No ), High Byte 
RWCL = Reduced Write Current (Cylinder No.)* Low Byte 

The Specify command is used to set the operational mode 
of the HDC by presetting various parameters. Parameters 
such as MODE, DTLH, DTLL, ETN, ESN, GPL2, GPL1/ 



RCNH, and RCNL may be programmed into the HDC. This 
allows for a high degree of versatility 

Sense Unit Status 

Soft-Sector Mode 



SMD Mode 



-4V- 



The Sense Unit Status (SUS) command is used to transfer 
the Unit Status (UST) to the host. In the case of SMD mode 
the SUS command may also be used to transfer the Detail 
Status (DS) and Device Type (DT) by using the appropriate 
preset parameter value as shown above. No preset param- 
eters are used in the soft-sector mode, although one is 
required in the SMD mode. Values other than 1 , 2, or 5 do 
not produce valid results. 

The DS and DT bytes are defined by the type of drives 
used. The UST is shown below: 

Unit Status Byte 



Bit 


Interface Type 


No. 


SMD 


Floppy-like 


D7 


Unit Selected 





D6 


Seek End 





D5 


Write Protected 





D4 


(AlVI Found) 


Drive Selected 


D3 


Unit Ready 


Seek Complete 


D2 


On Cylinder 


Track 000 


D1 


Seek Error 


Ready 


DO 


Fault 


Write Fault 



Detect Error 



0100X 




EADH 


EADL 


EPT1 


EPT2 


EPT3 



EADH = Error Address, High Byte 
EADL = Error Address, Low Byte 
EPT1 = Error Pattern, Byte 1 
EPT2 = Error Pattern, Byte 2 
EPT3 = Error Pattern, Byte 3 

This command is used to transfer the error pattern and the 
error address to the host CPU, when correctable errors 
have occurred during the execution of a Read Data com- 
mand with the ECC mode enabled. 
The error address (EADH and EADL) is calculated from 
the last data byte of the sector that contained a correctable 
error which was indicated by the status bits of the previous 
Read Data command with the ECC mode enabled. The 
error pattern is used for correcting the error data at the 
location where the error occurred. After receiving the error 
address and the error pattern, the host CPU can correct the 
error data by performing an exclusive-OR of the error pat- 
tern and the error data. 
The result bytes are available to the host CPU within 100 |jls. 
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The sector included 
correctable error 



































n 


n-1 


n-2 1 








EDI 


ED2 


ED3 








ECC 





(exclusive OR) 



The error pattern 



EPT1 


EPT2 


EPT3 



The corrected 
data bytes 



Note: EDn equals error byte 



Auxiliary command 



There are no preset parameters or result bytes associated 
with this command. The definitions of the 4 LSBs (AAAA) 
are given below. The auxiliary command is accepted at any 
time and is immediately executed. The auxiliary command 
may be used to recover from certain types of error condi- 
tions, or to mask and clear interrupts. 



Bit Name 



Operation 



CLCE Clears the CE bits of the status register, 

inactivating the interrupt request output caused 
by Command End condition. This is used when 
no disk commands are going to be issued and it 
is desired to clear the interrupt. 



HSRQ 



CLB 



Deactivates the interrupt request output caused 
by Sense Interrupt Status Request condition 
until a Command End occurs. However, this 
command has no effect on the SRQ bit of the 

status register. 

Clears the data buffer. 



RST This has the same effect as a reset signal on the 

Reset input. This function is used whenever the 
RRQ bit in the status register is set (indicating 
the format controller is hung up), or when a 
software reset is needed. 



CLCE HSRQ 



Clear Command End Bit - 



RST 



Halt Sense Interrupt Status Request 



Chip Reset 
Clear Data Buffer 



Sense Interrupt Status Request When Controller Not Busy 



INT STR SENSE INT 

Req Read STATUS 

Command 

Issue 

\ .< 



INT 
Req. 



STR Result 

Read Status 

I Reads 



CB 



CEH + CEL 

INT 

SRQ 



Sense Interrupt Status Request When Controller Busy 

INT STR HSRQ INT STR Result CLCE SENSE INT INT 

Req. Read Command Req. Read Status Command STATUS Req 

I I Issue I I Reads Issue Command 

I , — I , I Issue 

II ' ;/ ' ' ^li^ I ' 
(^ — I 




^^ 



SRQ Mask (SRQM) Is Set 




System Example 
Local Bus System 




Timing Waveforms 

Read/Write Sequence 

Disk command issue 



Parameter Disk INT STR Result 

Writes Command Req. Read Status 

I Issue I I Reads 

TmT I I I rr ' 






'iiiiii' 



Parameter Another 
Writes Disk 

I Command 
I Issue 



IIIM 



\ 



L 



It: 



L^^ 

(CLCE Command Issue) 
f^ 
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Track Format 



OOH (GPU) 



PLO SYNC 

OOH (GPL2) 



(2) 



PLO SYNC 

00H^GPL2) 



These GPL2 bytes of zeros are required by 
the drive to allow the drive's read data PLO to 
become phase- and frequency-synchronized 
with the data bits recorded on the media. 



ID field 





(DTL) 






ECC/CRC 

(4/2) 






DATA PAD 

OOH (2) 






Index/ 
Sector 


END OF 
RECORD 

OOH 









These bytes are written by the controller and 
are required by the drive to ensure proper 
recording and recovery of the last bits of the 
data field check codes. 

This byte indicates to the controller the 
beginning of the ID field or the data field and 
it establishes byte synchronization. 



These bytes are written by the controller and 
are required by the drive to ensure proper 
recording and recovery of the last bits of the 
ID field check codes. 



PLO SYNC 

OOH (GPL2) 



PLO SYNC 

OOH (GPL2) 



ECC/CRC 



(4/2) 



4EH (GPL3) 



System Example Timing Diagrams 

Figures 1 through 12 show the interface timing (soft sector and har(j sector) required to interface the hard-disk drive. 
FigurB 1. "Unit Selection" and 
"State Sense" Timing (Hard Sector) 



Tag1 
Tag 2 
Tag 3 
Direction 
Sr Sel Tag 
US Tag 



BT2-BT9 Floating 



Index 
Sector 
Unit Selected > 



f Input 



/ \ 



V 



Seek End 
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/ 
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\ 


Bit 0-9 


Undefined 


X Unit Addr (BT2-BT4), Undefined (Others) 






1 


^o 




Device Status 1 




(Unit Ready) 






\ 

\ 

, o 




Unit Select 
20 22 


Undefined 


_X ♦ 

Uni 


X Undefined 




tAddr 


Reset 


y \ 





State after Reset 



Unit 
Selection 



"Unit Selected" and "Unit Ready" signals 
are checked through BT9 and BT5 pins 
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Figure 2. Return to Zero Timing 
(Hard Sector) 
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Sector 
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Bit 0-9 Undefined X Bit 6 = 1 


-X 


Undefined 






Status^Sense Device Status 1 ;; 


;^ 


""So^^' < , y U"de„„ed 




:: X A X undefined 



Unit 
Selection 



"Return to Zero" 
IS issued. 



P^e (Seek End) signal is checked at this 
point. 



Figure 3. "Seelc " Timing 
(Hard Sector) 




BT2-BT9 -CSIXjnE^LXIZI 

-— - — Unit Addr I Cylinder Addr 2-9 



Y i Input j ^ ^ ) ( BT8 = Seek End (Input) 



t~t: 



__/ Cylinder Addr 1 



rx: 



7; 



Cylinder Addr 




Index 
Sector 

Unit Selected . 
Seek End 



X. 



y 



■^v 



Bit 0-9 ■ < Undefined )( ^ XU"''^^'"®''! ] Undefined 



Status Sense * 
Lines 



Cylinder Addr 



Device Status 1 



Unit Select y- 
20-22 "\_ 



" ^ Undefined 



Ht^CDd 



"V 



Unit Selection 



"Seek" 
IS issued. 
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point. 
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Figure 4. "Head Select" Timing 
(Hard Sector) 
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Direction 
Sr Set. Tag 
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Index 
Sector 



Seek End 
Bit 0-9 

Status 
Sense Lines . 

Unit Select 
20-22 



" \ Head Addr 0-2X Undefined 



Device Status 1 



^Unit AddrX^ Undefined" 



"Head Select" 
IS issued. 



Figure 5. "Device Status Sense" 
Timing (Hard Sector) 



TigT 
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Direction 
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US Tag 


"0" means that HDC is selecting One Unit. 
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Seel( End 


"1" means that a Unit is selected 


1. 
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dV^ 


Unit Select 






Undefined 








On Cylinder 















The Device Status 1 
IS read through 
BT0-BT9 pins. 
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The Device Status 2 is The Device Type is read 

read through BT0-BT9, through BT0-BT9, 

Index, Sector pins Index, Sector pins. 



Figure 6. "Data Read" Timing (Hard Sector) 
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Sync 



RD/Ref cik ruirir " ■ 
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-IV- 



ECC/CRC 



(GPL2) (1) (1) (2) (1) (1) (2) (2) 



(4/2) End of 
Record 



Figure 7. "Data Write" Timing (Hard Sector) 
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Figure 8. "Drive Seiect" and "Unit Status Sense" Timing (Soft Sector) 
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selected selected. 
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-^v- 



Drive 4 is 
selected. 



-\r 



■+ 



Drive 2 is I 

selected. | 

Unit Status is read through 
pins 29-33 at this point. 



Figure 9. "Normal Seel(" Timing (Soft Sector) 
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Drive Selected 



^1=^ 



Direction In 
Step " 



X 



x1l=x 



"\^ 



Direction In signal and a step pulse are 
issued after Ready signal is checked. 



"^; 



^^^^■k- 



X 



'Xf 



-\r 



The rate at which step pulses are issued is 
controlled by STPn (Step Rate) in Specify 
Command. 
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Figure 10. "Buffered Seek" Timing (Soft Sector) 
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Xl=r 






Direction In 
Step 



Seek Complete 
Ready 






UlT 



^v 



AX^ 






Direction In signal and continuous step 
pulses are issued. 



Seek Complete, Ready and Write Fault 
signals are polled periodically until the 
seek operation is completed. 



Figure 11. "Data Read" Timing (Soft Sector) 
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Sync 
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Drive Select ""V" 



Read Gate line is activated after Ready 
signal is checked. 



Sync line is set when bit synchronization 
IS established 
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Figure 12. "Data Write" Timing (Soft Sector) 
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PLO 
Sync 



(Gap2) (1) (2) (1) (1) (2) (3) (Gap2) (1) (1) 



(4/2) (3) 



Read Gate 

Sync 

Write Gate 



Ready '^^(^ 



y"^ 



■^ 



Drive Select 



DC 



I 

Read Gate line is 
activated after Ready 
and Write Fault signals 
are checked 



Write Gate line is activated during the 
period between 3 bytes after ID field's CRC 
bytes and 3 bytes after data field's ECC/ 
CRC bytes. 



Package Outlines 

For information, see Pacicage Outline Section 7. 

Ceramic, fxPD7261 D 



7261DS-REV 1-7-83-CAT-L 
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JJLPD7720 
DIGITAL SIGNAL PROCESSOR 



Description 

The NEC |jlPD7720 Signal Processing Interface (SRI) is an 
advanced architecture microcomputer optimized for signal 
processing algorithms, its speed and flexibility allow the 
SPI to efficiently implement signal processing functions in 
a wide range of environments and applications. 
The NEC SPI is the state of the art in signal processing 
today, and for the future. 

Applications 

□ Speech Synthesis and Analysis 
n Digital Filtering 

n Fast Fourier Transforms (FFT) 
n Dual-Tone Multi-Frequency (DTMF) 
Transmitters/Receivers 

□ High Speed Data Modems 
n Equalizers 

n Adaptive Control 

n Sonar/Radar Image Processing 

□ Numerical Processing 

Performance Benchmarics 

n Second Order Digital Filter (Biquad) 2.25 \ls 
n Sine/Cos of Angles 5.25 |xs 

n iJi-ZA Law to Linear Conversion 0.50 \xs 

n FFT: 32-point Complex 0.7 ms 

64-point Complex 1 .6 ms 

Features 

□ Fast Instruction Execution — 250 ns 
D 16-Bit Data Word 

n Multi-Operation Instructions for Optimizing Program 
Execution 

□ Large Memory Capacities 

Program ROM 51 2 x 23 Bits 

Data ROM 510x13 Bits 

Data RAM 128x16 Bits 

n Fast (250 ns) 16 X 16 31 -Bit Multiplier 

□ Dual Accumulators 

□ Four Level Subroutine Stack for Program Efficiency 
n Multiple I/O Capabilities 

Serial 

Parallel 

DMA 

□ Compatible with Most Microprocessors, Including: 

JXPD8080 

fjLPD8085 

JJLPD8086 

M.PD780(Z80)^'^* 
n Power Supply +5V 
n Technology NMOS 
n Package — 28 Pin Dip 



*Z80 IS a registered trademark of Zilog Corporation 



Pin Identification 




Pin 


I/O 




No. Symbol 


Function 


1 NC 


1 


No Connection for masked ROM piPD7720 Consult 
compatible EPROM version 


2 DACK 


1 


DMA Request Acknowledge. Indicates to the 
^PD7720 that the Data Bus is ready for a DMA 
transfer. (DACK = CS • Aq = 0) 


3 DRQ 





DMA Request. Signals that the ^PD7720 is request- 
ing a data transfer on the Data Bus. 


4, 5 Po, Pi 





General purpose output control lines. 


6-13 D0-D7 


I/O 
Three-State 


Port for data transfer between the Data Register or 
Status Register and external Data Bus. 


14 GND 




Ground. 



Single phase Master Clock input. 



Reset. Initializes the ^^PD7720 internal logic and sets 
the PC to 0. 



Interrupt. A low to high transition on this pin 
executes a call instruction to location 100H, if inter- 
rupts were previously enabled. 



Serial Data Input/Output Clock. A serial data bit is 
transferred when this pin is high. 



Serial Input Enable. Enables the shift clock to the 
Serial Input Register. 



Serial Output Enable. Enables the shift clock to the 
Serial Output Register. 



Serial Data Input. Inputs 8- or 16-bit serial data words 
from an external device such as an A/D converter. 



22 


SO 



Three-state 


Serial Data Output. Outputs 8- or 16-bit data words to 
an external device such as a D/A converter. 


23 


SORQ 





Serial Data Output Request. Specifies to an external 
device that the Serial Data Register has been loaded 
and IS ready for output. SORQ is reset when the 
entire 8- or 16-bit word has been transferred. 


24 


WR 


1 


Write Control Signal. Writes an input from the data 
port into the Data Register. 


25 


RD 


1 


Read Control Signal. Reads an output to the data port 
from the Data or Status Register. 


26 


CS 


1 


with RD or WR. 


27 


Ao 


1 


Selects Data Register for Read/Write (low) or Status 
Register for read (high). 


28 


Vcc 




+ 5V Power 



B 



Pin Configuration 




Rev/3 
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Functional Description 

Fabricated in high speed NMOS, the |xPD7720 SPI is a 
complete 16-bit microcomputer on a single chip. ROM 
space is provided for program and coefficient storage, 
while the on-chip RAM may be used for temporary data, 
coefficients, and results. Computational power is provided 
by a 16-bit Arithmetic/Logic Unit (ALU) and a separate 16 x 
16-bit fully parallel multiplier. This combination allows the 
implementation of a "sum of products" operation in a single 
250 ns instruction cycle. In addition, each arithmetic 
instruction provides for a number of data movement oper- 
ations to further increase throughput. Two serial I/O ports 
are provided for interfacing to codecs and other serially- 
oriented devices while a parallel port provides both data 
and status information to conventional microprocessors. 
Handshaking signals, including DMA controls, allow the 
SPI to act as a sophisticated programmable peripheral 
as well as a stand-alone microcomputer. 



AAemory 

Memory is divided into three types: Program ROM, Data 
ROM, and Data RAM. The 512 x 23-bit words of Program 
ROM are addressed by a 9-bit Program Counter which can 
be modified by an external reset, interrupt, call, jump, or 
return instruction. 

The Data ROM is organized in 510 x 13-bit words which 
are addressed through a 9-bit ROM pointer (RP register). 
The RP may be modified simultaneously with arithmetic 
Instructions so that the next value is available for the next 
instruction. The Data ROM is ideal for storing the neces- 
sary coefficients, conversion tables, and other constants 
for your processing needs. 

The Data RAM is 128 x 16-bit words and is addressed 
through a 7-bit data pointer (DP register). The DP has 
extensive addressing features that operate simultaneously 
with arithmetic instructions so that no added time is taken 
for addressing or address modification. 



Blocic Diagram 









DACK — 
DRQ- 


DMA 

Interface 

Logic 











Instruction 
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512x23 



Stack 



RAM 
128x16 



[Ii?!!.Ii 



Flag A 
FlagB 
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— 


RST ► 
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Vcc — 






GND ► 


nterrupt 





LL 



Multiplier 




AccB 



RO 



Data 

ROM 
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-SOEN 
► SORQ 




SiEN 



General 
Output 



Read/Write 
Control Logic 



- RD 
-WR 
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Arithmetic Capabilities 

General 

One of the unique features of the SPI's architecture is its 
arithmetic facilities. With a separate multiplier, ALU, and 
multiple internal data paths, the SPI is capable of carrying 
out a multiply, an add, or other arithmetic operation, and 
a data move between internal registers in a single instruc- 
tion cycle. 

ALU 

The ALU is a 16-bit 2's complement unit capable of exe- 
cuting 16 distinct operations on virtually any of the SPI's 
internal registers, thus giving the SPI both speed and ver- 
satility for efficient data management. 

Accumulators (ACCA/ACCB) 

Associated with the ALU are a pair of 16-bit accumulators, 
each with its own set of flags, which are updated at the end 
of each arithmetic instruction (except NOP). In addition to 
Zero Result, Sign Carry, and Overflow Flags, the SPI incor- 
porates auxiliary Overflow and Sign Flags (SA1, SB1, 
0VA1 , 0VB1). These flags enable the detection of an over- 
flow condition and maintain the correct sign after as many 
as three successive additions or subtractions. 

ACC A/B Flag Registers 



Flag A 
FlagB 



Sign Register (SGN) 

When 0VA1 is set, the SA1 bit will hold the corrected sign 
of the overflow. The SGN Register will use SA1 to 
automatically generate saturation constants 7FFFH( + ) or 
8000H( - ) to permit efficient limiting of a calculated value. 

Multiplier 

Thirty-one bit results are developed by a 16 x 16-bit 2's 
complement multiplier in 250 ns. The result is automatically 
latched to two 16-bit registers M&N (sign and 15 higher bits 
in M, 15 lower bits in N; LSB in N is zero) at the end of each 

Serial I/O Timing scK 



SORQ 
SOEN 



Output 
Data 



SA1 


SAO 


CA 


ZA 


0VA1 


OVAO 


SB1 


SBO 


CB 


ZB 


0VB1 


OVBO 



"\ 



instruction cycle. A new product is available for use after 
every instruction cycle, providing significant advantages in 
maximizing processing speed for real time signal 
processing. 

Stack 

The SPI contains a 4-level program stack for efficient pro- 
gram usage and interrupt handling. 
Interrupt 

A single level interrupt is supported by the SPI. Upon sens- 
ing a high level on the INT terminal, a subroutine call to 
location 100H is executed. The El bit of the status register is 
automatically reset to 0, thus disabling the interrupt facili- 
ties until reenabled under program control. 

Input/Output 

General 

The NEC SPI has three communication ports; two serial 
and one 8-bit parallel, each with its own control lines for 
interface handshaking. The pa rallel port also includes DMA 
control lines (DRQ and DACK) for high speed data transfer 
and reduced processor overhead. A general purpose 2-line 
output port rounds out a full complement of interface 
capability. 



<c=> 



Interface -< 
to External 
Data Bus 



DMA 
Interface 



Reset 
Clock 



{-■ 



WR 
CS 



DACK 
DRQ 



RST 
CLK 



SO 

SORQ 

SOEN 

SCK 

SI 



V Serial I O 
r Interface 



:} 



General 
Purpose 
Output Port 



B 



Serial I/O 

The two shift registers (SI, SO) are software-configurable to 
single or double byte transfers. The shift registers are exter- 
nally clocked (SCK) to provide a simple interface between 
the SPI and serial peripherals such as A/D and D/A con- 
verters, codecs, or other SPIs. 




,, ^ - 

,, rzzziz: 

I (Ne'xtlDara'Set) j 



Input Data_ 

SIEN 

SI Load _ 



Notes: © Data clocked out on falling edge of SCK 
@ Data clocked in on nsing edge of SCK 
(D Broken line denotes consecutive sending of next data SI ACK 



s / 

n 
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Parallel I/O 

The 8-bit parallel I/O port may be used for transferring 
data or reading the SPI's status. Data transfer is han- 
dled through a 16-bit Data Register (DR) that is software- 
configurable for double or single byte data transfers. The 
port is ideally suited for operating with 8080, 8085, and 
8086 processor buses and may be used with other pro- 
cessors and computer systems. 

Parallel R/W Operation 



cs 


Ao 


WR 


RD 




Operation 


1 

X 


X 
X 


X 

1 


X 

1 


\ 


No effect on internal operation. O0-D7 
are at high impedance levels 











1 




Data from D0-D7 are latched to DR ® 








1 







Contents of DR are output to D0-D7 ® 





1 





1 




Illegal (SR is read only) 





1 


1 







Eight MSBs of SR are output to D0-D7 





X 










Illegal (May not read and write 
simultaneously) 



Note: ® Eight MSBs or 8 LSBs of data register (DR) are used depending on DR status bit (DRS) 
The condition of DACK = is equivalent to Aq = CS = 



Status Register (SR) 

MSB 

15 14 13 12 11 



* |usFi|usFo|i 



pRS DMA PRO SOC 



h'^h'l 



The status register is a 16-bit register in which the 8 most 
significant bits may be read by the system's MPU for the 
latest I/O and processing status. 

status Register Flags 



Flag 


Description 


RQM (Request for 
Master) 


A read or write from DR to IDB sets RQM = 
1. An external read (write) resets RQM = 0. 


USF1 and USFO 
(User Flags 1 and 0) 


General purpose flags which may 

be read by an external processor for user 

defined signaling. 


DRS (DR Status) 


For 16-bit DR transfers (DRC - 0). 

DRS = 1 after first 8 bits have been 

transferred 

DRS = after all 16 bits transferred. 


DMA (DMA Enable) 


DMA = (Non-DMA transfer mode) 
DMA = 1 (DMA transfer mode). 


DRC (DR Control) 


DRC = (16-bit mode) 
DRC = 1 (8-blt mode). 


SOC (SO Control) 


SOC = 0(1 6-bit mode) 
SOC = 1 (8-bit mode). 


sic (SI Control) 


SIC = 0(1 6-bit mode) 
SIC = 1 (8-bit mode). 


El (Enable Interrupt) 


El = (interrupts disabled) 
El = 1 (interrupts enabled). 


P1,P0 
(Ports and 1) 


PO and PI directly control the state of out- 
put pins PO and PI . 



Instructions 

The SPI has 3 types of instructions, all of which are one 23- 
bit word and execute in 250 ns. 

Arithmetic/ Move-Return (OP = 00/ RT = 01) 





22 21 


20 19 


18 17 16 15 


14 


13 12 


11 10 9 


8 


7 6 5 4 


3 2 10 


OP 





P- 
Select 


ALU 


* 


DPl 


DPh-M 


I 


SRC 


DST 


RT 


1 


Same as OP instruction 



OP/RT Instruction Field Specification 

There are two instructions of this type, both of which are 
capable of executing all ALU functions listed in Table 2. 
The ALU functions operate on the value specified by the 
P-select field. (See Table 1 .) 

Besides the arithmetic functions these instructions can 
also modify (1) the RAM Data Pointer DP, (2) the Data ROM 
Pointer RP, and (3) move data along the on-chip data bus 
from a source register to a destination register (the possible 
source and destination registers are listed in Tables 7 and 8 
respectively). The difference in the two instructions of this 
type is that RT executes a subroutine or interrupt return at 
the end of the instruction cycle while the OP does not. 



Table 1. P-Select Field 






Mnemonic 


D20 


Di9 


ALU Input 


RAM 








RAM 


IDB 





1 


Internal Data Bus ® 


M 


1 





M Register 


N 


1 


1 


N Register 



Note: ® Any value on the on-chip data bus Value may be selected from any of the registers listed 
in Table 7 source register selections 



Table 2. ALU Field 



SAI SAO CA ZA OVA1 OVAO 

Flags 

P,8Di7Di6 Pis ALU Function SBI SBO OB ZB OVB1 OVBO 



NOP 














No Operation 


- 


- 


- 


- 


OR 











1 


OR 


X 











AND 













AND 


X 











XOR 










1 


Exclusive OR 


X 











SUB 












Subtract 




I 


I I . 


ADD 









1 


ADD 




I 


: I 


see 











Subtract with 
Borrow 




I 


I I 


ADC 








1 


Add with Carry 




I 


I I 


DEC 











Decrement Ace 




I 


I I 


INC 








1 


Increment Ace 




I 


I I 


CMP 











Accd's 
Complement) 


X 











SHR1 








1 


1-bitR-Shift 


X 


I 








SHL1 











1-bit L-Shift 


X 


I 








SHL2 








1 


2-bit L-Shift 


X 











SHL4 











4-bit L-Shift 


X 











XCHG 








1 


8-bit Exchange 


X 












May be affected, depending on the results 
Previous status can be held 
Reset 
\ Indefinite 
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Tables. ASL Field 



Mnoniionic 




Di4 




Ace Selection 


ACCA 









Ace A 


ACCB 




1 




AccB 


Table 4. DP l Field 




Di3 




Di2 


Low DP Modify (DP3-DP0) 


DPNOP 










No Operation 


DPINC 







1 


Increment DPl 


DPDEC 


1 







Decrement DPl 


DPCLR 


1 




1 


Clear DPl 


Tables. DPh-M Field 


Mnemonic 


Dii 


D 


10 


D9 High DP Modify 



MO 











M1 








1 


M2 





1 





M3 





1 


1 


M4 


1 








M5 


1 





1 


M6 


1 


1 






Exclusive OR of DPh (DP6-DP4) 

with the Mask defined by the three 

bits(DirD9)ofthe 

DPh-M field 



M7 



Tables. RPDCR Field 









Da 




RP Operation 


RPNOP 











No Operation 


RPDEC 






1 




Decrement RP 


Table?. SRC Field 




Or 


De 


Ds 


D4 


Source Register 


NON 














No Register 


A 











1 


Ace A (Accumulator A) 


B 








1 





Ace B (Accumulator B) 


TR 







1 


1 


TR Temporary Register 


DP 













DP Data Pointer 


RP 










1 


RP ROM Pointer 


RO 







1 





RO ROM Output Data 


SGN 







1 


1 


SGN Sign Register 


DR 













DR Data Register 


DRNF 










1 


DR No Flag ® 


SR 







1 





SR Status Register 


SIM 







1 


1 


SI Serial in MSB® 


SIL 




1 








SI Serial in LSB (D 


K 




1 





1 


K Register 


L 




1 


1 





L Register 


MEM 




1 


1 


1 


RAM 



Notes: ® DR to IDB, RQM not set In DMA, DRQ not set 
@ First bit in goes to MSB, last bit to LSB 
(D First bit in goes to LSB, last bit to MSB (bit reversed) 



Tables. DST Field 





D3 


Da 


Di 


Do 


Destination Register 


@NON 














No Register 


@A 











1 


Ace A (Accumulator A) 


@B 








1 





Ace B (Accumulator B) 


@TR 








1 


1 


TR Temporary Register 


@DP 





1 








DP Data Pointer 


@RP 





1 





1 


RP ROM Pointer 


@DR 





1 


1 





DR Data Register 


@SR 





1 


1 


1 


SR Status Register 



@SOL 


1 








so Serial Out LSB® 


@SOM 


1 





1 


SO Serial Out MSB ® 


@K 




1 





K (Mult) 


@KLR 




1 


1 


IDB-K,ROM^L@ 


@KLM 










Hi RAM ^K, IDB ^L® 


@L 







1 


L (Mult) 


@NON 




1 





No Register 


@MEM 




1 


1 


RAM 



: ® LSB IS first bit out 
© MSB IS first bit out 

@ Internal data bus to K and ROM to L register 
® Contents of RAM address specified by OPg = 1 , 

(1 e , 1 , DP5, DP4-DP0) IS placed in K register IDB is placed in L 



Jump/Call/Branch 

JP Instruction Field Specification 





22 21 


20 19 18 


17 16 15 14 13 


12 11 10 9 8 7 6 5 4 


3 2 10 


JP 


10 


BRCH 


CND 


NA 


^.-^ 



Three types of program counter modifications are accom- 
modated by the processor and are listed in Table 9. All the 
instructions, if unconditional or if the specified condition is 
true, take their next program execution address from the 
Next Address field (NA); otherwise PC = PC + 1. 




Table 9. BF 


ICH Field 






D20 


Dl9 


D18 


Branch instruction 


1 








Unconditional jump 


1 





1 


Subroutine call 





1 





Conditional jump 



For the conditional jump instruction, the condition field 
Specifies the jump condition. Table 10 lists all the instruction 
mnemonics of the Jump/Call/Branch codes. 

Load Data (LDI) 

LD Instruction Field Specification 

22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



LD 


11 


ID 


/ DST 



The Load Data instruction will take the 16-bit value con- 
tained in the Immediate Data field (ID) and place it in 
the location specified by the Destination field (DST) (see 
Table 8). 
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Table 10. BRCHICND Fields 



Mnemonic D20 D^g D^s D17 Die Dis Di4 D13 Conditions® 


JMP 10 No Condition 


CALL 10 10 No Condition 


JNCA 01 000000 CA=:0 


JCA 1 1 CA = 1 


JNCB 01000010 CB = 


JCB 10 11 CB = 1 


JNZA 01000100 ZA = 


JZA 1 1 1 ZA = 1 


JNZB 01000110ZB = 


JZB 1 1 1 1 ZB = 1 


JNOVAO 10 10 OVAO = 


JOVAO 10 10 1 OVAO = 1 


JNOVBO 10 10 10 OVBO = 


JOVBO 10 10 11 OVBO = 1 


JN0VA1 10 110 0VA1 = 


J0VA1 10 110 1 0VA1 = 1 


JN0VB1 10 1110 0VB1 = 


J0VB1 10 1111 0VB1 = 1 


JNSAO 01 01 0000 SAO = 


JSAO 1 1 1 SAO = 1 


JNSBO 1 1 1 SBO = 


JSBO 1 1 1 1 SBO = 1 


JNSA1 1 1 1 SA1 = 


JSA1 1 1 1 1 SA1 = 1 


JNSB1 1 1 1 1 SB1 = 


JSB1 1 1 1 1 1 SB1 = 1 


JDPLO 1 1 1 DPl = 


JDPLF 10 110 1 DPl = F (HEX) 


JNSIAK 1 1 1 1 SIACK = 


JSIAK 10 110 11 SI ACK = 1 


JNSOAK 1 1 1 1 SO ACK = 


JSOAK 10 1110 1 SO ACK = 1 


JNRQM 10 11110 RQM = 


JRQM 10 11111 ROM = 1 



Note: ® BRCH or CND values not in this table are prohibited 

Instruction Timing (Four Phase-Internal Clock) 



RAM or Data ROM 

Destination 1 yy^^ite 
Register RAM j 

Internal Data Bus (IDB) 



ALU Operation 
Ace Latch 

Multiplication Operation 
Mult Input Set 
Mult Output Set 



"I'l . 'I'Z , 't>3 . 'I'4 


'I'l . '1-2 . 'I'3 . -1-4 


.1., _ .I.J _ .1,3 _ .1)^ 


(N-D 




(N + 1) 


' • Inst 


ruction (N) 










-^ 


- 








4 » 




i > 


(N-1) Multiplication 
1 > Input (N) 


(N-1) Multiplication 
< * Result (N) 


t > 



Instruction Timing 

To control the execution of instructions, the external 8-MHz 
clock is divided into a four-phase, nonoverlapping clock. 
Execution begins at the rising edge of <^3 and ends at the 
falling edge of cj)2. The ALU connmences operation at the 
rise of <^^ , and completes all operations at the fall of <\>3. 
Once an instruction-ROM address is available at the rise 
of ({)3, the instruction is latched, and the source register and 
RAM address are determined so that data may be put on 
the internal bus by the fall of 4)4. The ALU input is latched 
at the rise of 4)1 , and the output is available for accumula- 
tor latch at the rise of 4)3. The cycle then repeats. 
The multiplier takes its input at the rise of 4)1, and its results 
are available in 250 ns, at the hse of the next 4)1 . 



Absolute Maximum Ratings* 




Ta = 25^ 


Voltage (Vcc Pin) 


- 0.5 to + 7.0V® 


Voltage, Any Input 


- 0.5 to + 7.0V® 


Voltage, Any Output 


- 0.5 to + 7.0V® 


Operating Temperature 


-10°Cto+70°C 


Storage Temperature 


-65°Cto+150°C 



Note: ® With respect to GND 

^COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



DC Characteristics 

Ta = - 10°C to + 70°C, Vcc 


= +5V±5% 








Symbol 




Limits 


Unit 






Mil* 


Typ 


Max 


Test Conditions 


Input Low Voltage 


V,L 


-0.5 




0.8 


V 




Input High Voltage 


V|H 


2.0 




Vcc +0.5 


V 




CLK Low Voltage 


V<}>u 


-0.5 




0.45 


V 




CLK High Voltage 


V*H 


3.5 




Vcc +0.5 


V 




Output Low Voltage 


Vol 






0.45 


V 


loL = 2.0 mA 


Output High Voltage 


VOH 


2.4 






V 


loH=-400,xA 


Input Load Current 


Ilil 






-10 


^.A 


V,N = OV 


Input Load Current 


■lih 






10 


(jlA 


V,N = Vcc 


Output Float Leakage 


Ilol 






-10 


PlA 


VouT = 0.47V 


Output Float Lealtage 


Iloh 






10 


^.A 


VouT = Vcc 


Power Supply Current 


"cc 




180 


280 


mA 




Capacitance 




Symbol 




Limits 


Unit 






Min 


Typ 


Max 


Test Conditions 


CLK, SCK Input 
Capacitance 


C<1> 






20 


PF 




Input Pin Capacitance 


C|N 






10 


PF 


fc = 1 MHz 


Output Pin Capacitance 


CoUT 






20 


pF 





ction Cycle 
sat 8 MHz 
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AC Characteristics 



Ta = -10°Cto +70°C, Vcc = 


+ 5V± 5% 








Symbo 




Limits 


Unit 




Parameter 


Mill 


Typ Max 


"Iciest Conditions 


CLK Cycle Time 


<t)CY 


122 


2000 


ns 


® 


CLK Pulse Width 


4.D 


60 




ns 




CLK Rise Time 


(|)R 




10 


ns 


® 


CLK Fall Time 


(t)F 




10 


ns 


® 


Address Setup Time 
forRD 


tAR 







ns 




Address Hold Time for RD tR^ 







ns 




RD Pulse Width 


tRR 


250 




ns 




Data Delay from RD 


tRD 




150 


ns 


Cl = 100 pF 


Read to Data Floating 


toF 


10 


100 


ns 


Cl = 100 pF 


Address Setup Time 
forWR 


tAW 







ns 




Address Hold Time for WRtwA 







ns 




WR Pulse Width 


tww 


250 




ns 




Data Setup Time for WR 


tow 


150 




ns 




Data Hold Time for WR 


twD 







ns 




RD, WR, Recovery Time 


tRV 


250 




ns 


® 


DRQ Delay 


tAM 




150 


ns 




DACK Delay Time 


toACK 


1 




*D 


(D 


SCK Cycle Time 


tsCY 


480 


DC 


ns 




SCK Pulse Width 


tsCK 


230 




ns 




SCK Rise/Fall Time 


tRSC 




20 


ns 


® 


SORQ Delay 


toRQ 


30 


150 


ns 


Cl = 100 pF 


SOEN Setup Time 


tsoc 


50 




ns 




SOEN Hold Time 


tcso 


30 




ns 




SO Delay from SCK 
= LOW 


toCK 




150 


ns 




SO Delay from SCK with 
SORQT 


^DZRO 


20 


300 


ns 


® 


SO Delay from SCK 


tDZSC 


20 


300 


ns 


O 


SO Delay from SOEN 


toZE 


20 


180 


ns 


(D 


SOEN to SO Floating 


tHZE 


20 


200 


ns 


(D 


SCK to SO Floating 


*HZSC 


20 


300 


ns 


@ 


SO Delay from SCK with 
SORQi 


tHZRQ 


70 


300 


ns 


® 


SIEN, SI Setup Time 


too 


55 




ns 


(D 


SIEN, SI Hold Time 


tcD 


30 




ns 




Po, Pi Delay 


top 




cbCY 
+ 150 


ns 




RST Pulse Width 


tRST 


4 




<t)CY 




INT Pulse Width 


t|NT 


8 




4)CY 





) Voltage at measuring point of timing 1 OV and 3 OV 
) Voltage at measuring point of AC Timing 

V|L = Vol = 8V 

V|H = VoH = 2 OV 

Input Waveform of AC Test (except CLK, SCK) 

, 20 






Timing Waveforms 

-(bCY- 



Ao, CS, DACK 




Timing Waveforms (Cont.) 

WRITE Operation 




U— tow— 4^ Htw 



DMA Operation 



*DACK — ^ 

drqJ- 



"\ 



"% 



Serial Timing 




*soc-H -*4 *cso-Hh*- ~\ I 

*DCK-«-| h^ -H UWe^DCK-^I K- -^ |-^-t| 






-'dze 

-t ' J L_t 

■*'hzsc-^ H— 'hzrq 



■^>&- 




Notes. ® ForSOtiming, the data at rising edge of SCK IS valid and the other data IS invalid Inset- 
up hold time of data for SCK, the most stnct specifications are the following 

setup = tscK - ^DCK 
hold = tHZRQ 

@ Voltage at measuring point of tfjc and tfjc for SCK timing 
(3)3 OV ®10V 

Development Tools 

For software development, editing, debugging, and 
assembly into object code, the NDS Development System, 
designed and manufactured by NEC Electronics U.S.A. 
Inc., is available. The ASM77 Cross-Assembler and SIM77 
Simulator for analyzing development code and I/O timing 
characteristics are available for both the NDS and for other 
systems supporting CP/M (®Digital Research Corp.) or 
ISIS-II (®lntel Corp.) operating systems. Additionally, the 
ASM77 Cross-Assembler is offered in Fortran for VAX sys- 
tems under VMS (®Digital Equipment Corp.). 
Once software development is complete, the code can be 
completely evaluated and debugged in hardware with the 
Evakit-7720 Evaluation System. The Evakit provides true 
in-circuit real time emulation of the SPI for debugging and 
demonstrating your final system design. Code may be 
down-loaded to the Evakit from a development system via 
an RS232 port. The Evakit also serves to program the 
fxPD77P20, a full-speed EPROM version of the SPI. A 
demonstration mask ROM chip, containing some common 
digital filtering routines, including N-stage IIR (biquadratic) 
and FIR (transversal) filters, is available to test hardware 
interfaces to the SPI. 

Further operational details of the SPI can be found in the 
|xPD7720 Signal Processing Interface Technical Manual. 
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Operation of the SPI development tools is described in the 
Cross-Assembler User Manual, the Simulator Operating 
Manual, the Evakit-7720 Operation Manual, and the NEC 
Development Systems Users' Manual. 
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Package Outlines 

For information, see Paclcage Outline Section 7. 

Ceramic, |xPD7720D 
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SEC 



fJiPD77P20 

UV ERASABLE SIGNAL 

PROCESSING INTERFACE (SPI) 



Description 

The |jlPD77P20 is an ultraviolet erasable and electrically 
programmable (EPROM) version of the |jiPD7720 signal 
processing interface (SPI). Functionally, the two parts are 
identical Program and data ROM, masked for the 
|jlPD7720, are implemented in EPROM for the |jlPD77P20. 
The |jlPD77P20 is useful in prototye applications or in sys- 
tems where quantities are insufficient for masked ROM de- 
velopment. For a complete functional description consult the 
|jlPD7720 Technical Manual. 

Applications 

n Speech synthesis and analysis 

D Digital filtering 

D Fast Fourier transforms (FFT) 

D Dual-tone Multifrequency (DTMF) transmitters/receivers 

n High-speed data modems 

n Equalizers 

D Adaptive control 

D Sonar/radar image processing 

D Numerical processing 

Features 

D Internal ultraviolet EPROM (instruction and data) 

n Programmable with single pulse 

n Compatible with (jlPD7720 

D 8MHz clock/250ns instruction execution 

D 16-bit data word 

n Multioperation instructions for optimizing program 

execution 
D Large memory capacities 

- Programmable program ROM 512 x 23 bits 

- Programmable data ROM 512 x 13 bits 
-Data RAM 128 x 16 bits 

D Fast (250ns) 16 x 16-bit parallel multiplier with 31 -bit 

result 
D Dual accumulators 

D Four-level subroutine stack for program efficiency 
□ Multiple I/O capabilities 

- Serial 

- Parallel 
-DMA 

D Fully bus compatible with most microprocessors, 
including: 

- ^JLPD8080 

- ^jlPD8085 

- HLPD8086 
-jjlPD780(Z80)™ 

D +5V power supply 
n NMOS technology 
n 28-pin dip package 



TM Z80 IS a registered trademark of Zilog Inc 



Pin Configuration 



VppC 


1 ^ 


■^ 28 


DVcc 


DACKC 


2 


27 


^Ao 


DRQ C 


3 


26 


2 CS/PROG 


PoC 


4 


25 


:rd 


p^c; 


5 


24 


3 WR 


Dod 


6 


23 


: SORQ 




7 fjiPD 22 

8 "-» 2, 


]S0 

:si 


D3C 


9 


20 


JSOEN 


D4I: 


10 


19 


DSIEN 


D5I: 


11 


18 


3SCK 


DeC 


12 


17 


3 INT 


DrC 


13 


16 


:rst 


GNDC 


14 


15 


]CLK 



Pin Identification 






Pin 


I/O 




No. 


Symbol 


Function 


1 


Vpp 


1 




2 


DACK 


1 


tiiPD7720 that the data bus is ready for a DMA 
transfer. (DACK = CS • Ao = 0) 


3 


DRQ 





questing a data transfer on the data bus. 


4,5 


Po,Pi 





Po, Pi are general purpose output control lines 
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D0-D7 


I/O Three- 
state 


Port for data transfer between the data or sta- 
tus register and the data bus. 


14 


GND 






15 


CLK 




Single phase Master Clock input. 


16 


RST 




sets the PC too. 


17 


INT 




Interrupt. A low to high transition on this pin 
will (if interrupts are enabled by the program) 
execute a call instruction to location 100H. 


18 


SCK 




Serial Data Input/Output Clock. A serial data bit 


19 


SiEN 




clock to the serial input register. 


20 


SOEN 




Serial Output Enable. This pin enables the shift 
clock to the serial output register 


21 


SI 




Serial Data Input. This pin inputs 8- or 16-bit 
serial data words from an external device such 
as an A/D converter. 


22 


SO 





Serial Data Output. This pin outputs 8- or 16-bit 
data words to an external device such as a D/A 


23 


SORQ 


Three- 
state 


Serial Data Output Request. Specifies to an ex- 
been loaded and is ready for output. SORQ is 
been transferred. 


24 


WR 


1 


Write control signal writes the contents of the 
data bus into the data register. 


25 


RD 


1 


Read control signal. Enables an output to the 
data port from the data or status register. 


26 


CS/PROG 


1 


Chip Select. Enables data transfer with data or 
status port with RD or WR. 


27 


Ao 


1 


Selects data register for read/write (low) or sta- 
tus register for read (high).- 


28 


Vcc 




4-5V power 




Rev/1 
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Block Diagram 



stack 

_2 

3 









DACK 

DRQ-" — 


DMA 

Interface 

Logic 











Instruction 

ROM 

512x23 



Flag I 



CLK- 
RST- 
INT- 
*cc ~ 
Vpp_ 
GND- 



s 


s 


c 


Z 








A 


A 


A 


A 


V 


V 











A 

1 













S 


s 


c 


Z 








B 


B 


B 


B 


V 


V 


1 









B 

1 


B 




O [ 




ALU 



Ace A 



no 

r 



ii"_"_j 



ROM 
512x13 



-SOEN 
► SORQ 




Serial 
I/O 



Read/Write 
Control Logic 



-^Do-D, 
-RD 

-Wr 

- CS/PROG 

-Ao 



Mode Selection 



"^v^ Pins 
Mode ^^^"^^.^ CS/PROG 


Vpp 


Vcc Outputs 


Instruction ROM program 


VlH 


Vpp 


+5V Din 


Data ROM program 


VlH 


Vpp 


+5V Din 


Instruction ROM read 


ViL 


Vcc 


+5V DouT 


Data ROM read 


ViL 


Vcc 


+5V DouT 


Operation 


V|L 
VlH 


Vcc 


Din, 
+5V DouT 

HighZ 


Absolute Maximum Ratings* 


Ta = 25°C 


Supply Voltage, Vcc 






-0.3Vto+7.0V 


Input Voltage, Vi 






-0.3Vto+7.0V 


Output Voltage, Vo 






-0.3Vto+7.0V 


Operating Temperature, Topi 






-10°Cto+70°C 


Storage Temperature, Tstg 






-65°Cto+150°C 


Supply Voltage, Vpp 






-0.3V to +22V 



DC Characteristics 

Ta = -10X +70°C; Vcc = +5V ± 5% 



*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 





Symbol 




Limits 




Unit 






Min 


Typ 


Max 


Test Conditions 


Input Low 
Voltage 


ViL 


-0.5 




0.8 


V 




Input High 
Voltage 


VlH 


2.0 




Vcc + 0.5 


V 




Input CLK 
Voltage Low 


V«L 


-0.5 




0.45 


V 




Input CLK 
Voltage High 


V^H 


3.5 




Vcc + 0.5 


V 




Output Low 
Voltage 


Vol 






0.45 


V 


l0L= 2.0mA 


Output High 
Voltage 


VOH 


2.4 






V 


l0H= -400,iiA 


Input Load 
Current 


Ilil 






-10 


y.A 


ViN= OV 


Input Load 
Current 


Ilih 






10 


y.A 


VlN= Vcc 


Output Float 
Leakage 


Ilol 






-10 


yA 


VouT = 0.47V 


Output Float 
Leakage 


Iloh 






10 


V^A 


VOUT = Vcc 


Power Supply 
Current 


Ice 




270 


350 


mA 




Vpp Current 


IPP 






70 


mA 


Program Mode 
Max Pulse Current® 


0.5 




3.0 


Program Verify, 
Inhibit® 



Notes: ® Vpp = (21 ± 5) V 

(D for K-level parts, VprMAX = VccMAX + 25V, VppMIN = VccMIN - 85V 
for E-level and P-level parts, Vpp = Vcc 
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AC Operating Characteristics 

Ta = -10°C to +70°C; Vcc = +5V ± 5%; K-level 
parts, VppMAX = VccMAX + 0.25V; VppMIN = 
VccMIN - 0.85V; E-level and P-level parts, Vpp = 
Vcc 



Timing Waveforms 

Clock 



|uiPD77P20 





Symbol 




Limfts 


Unit 






Min 


Typ 


Max 


Test Conditions 


CLK Cycle Time 


«t.CY 


122 




2000 


ns 




CLK Pulse Width 


4,D 


60 






ns 




CLK Rise Time 


<|>r 






10 


ns 


Voltage at measuring 
point 


CLK Fall Time 


<t>f 






10 


ns 


of timing 1.0V and 
3.0V 


Ao,CS,DACK Setup 
Time for RD 


tAR 









ns 




Ao.CS,DACKHold 
Time for RD 


tRA 









ns 




RD Pulse Width 


tRR 


250 






ns 




Data Delay from RD 


tRD 






150 


ns 


Cl = lOOpF 


Read to Data Floating 


tOF 


10 




100 


ns 


Cl = lOOpF 


Ao,CS,DACK Setup 
Time for WR 


tAW 









ns 




Ao,CS,DACKHold 
Time for WR 


tWA 









ns 




WR Pulse Width 


tww 


250 






ns 




Data Setup Time 
forWR 


tow 


150 






ns 




Data Hold Time 
forWR 


tWD 









ns 




RD,WR Recovery 
Time 


tRV 


250 






ns 




DRQ Delay Time 


tAM 






150 


ns 




DACK Delay Time 


tOACK 


1 






<|,D 




SCK Cycle Time 


tsCY 


480 




DC 


ns 




SCK Pulse Width 


tSCK 


230 






ns 




SCK Rise Time 


trSC 






20 


ns 


Voltage at measuring 


SCK Fall Time 


tfSC 






20 


ns 


- point 
of timing 1.0V and 
3.0V 


SORQ Delay 


tDRQ 


30 




150 


ns 


Cl = lOOpF 


SOEN Setup Time 
for SCK 


tsoc 


50 






f\s 




SOEN Hold Time 
for SCK 


tcso 


30 






ns 




SO Delay 


tDCK 






150 


ns 




SO Delay from SCK 
With SORQ 


toZRQ 


20 




300 


ns 




SO Delay from SCK 


tuzsc 


20 




300 


ns 




SO Delay from SOEN 


tDZE 


20 




180 


ns 




SOEN to SO Floating 


tHZE 


20 




200 


ns 




SCK to SO Floating 


tHZSC 


20 




300 


ns 




SO Delay from SCK 
with SORQ 


tHZRQ 


70 




300 


ns 




SEiN, SI Setup Time 


too 


55 






ns 




SEiN, SI Hold Time 


tCD 


30 






ns 




Po, Pi Delay 


top 






(t>CY + 150 


ns 




RST Pulse Width 


tRST 


4 






«!>CY 




INT Pulse Width 


tiNT 


8 






«|)CY 





X-j^^ 



(bF 4R 



3.0V 



Read Operation 



tARk 



j--|tRA 



tRD[- ^ -^topl-^ 




DMA Operation 



^DACK — *j 



^ 



■^^ 



Serial Input/Output 



^SCK ^CK Vsc ^SC 



*ORQ -» f«- I -♦ 



»ORQ- 

SORQ 



SiEN 



Port Output 



Note: Voltage at measuring point of AC timing 
ViL = Vol = 8V 
VlH = VOH = 2 OV 



Capacitance 

Ta = 25°C; Vcc = OV 







Symbol 




LimHs 




Unit 






Min 


Typ 


Max 


Test Conditions 


CLK, SCK Capacitance 


C* 






20 


PF 




Input Capacitance 


CiN 






10 


PF 


fc = 1MHz 


Output Capacitance 


COUT 






20 


pF 





|*-tRST-^| 



Input Waveform of AC Test (except 
CLK, SCK) 



Interrupt 



45 — A^ — A.. — 



Notes: (D For SO timing, the data at rising edge of SCK is valid and the other data is invalid In si 
up hold time of data for SCK, the most stnct specifications are the follov^^ing 

setup = tscK - tocK 

hold = tHZRQ 

® Voltage at measuring point of \f^ and ttsc for SCK timing 
®3 0V ®10V 
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Function 

The |jlPD77P20 operates from a single +5V power supply 
and accordingly, can be used in any )jlPD7720 masked 
ROM application. 

Programming of the )jlPD77P20 is achieved with a single 
50ms TTL pulse. Total programming time for the 1 1 ,776 bits 
of instruction EPROM and also for the 6,630 bits data 
EPROM is 26 seconds. 

Erasure of the |jlPD77P20 programmed data can be at- 
tained when exposed to light with wavelengths shorter than 
approximately 4,000 angstroms (A). It should also be noted 
that constant exposure to direct sunlight or room level flu- 
orescent lighting could erase the |ulPD77P20. Consequently, 
if the |ljlPD77P20 is to be exposed to these types of lighting 
conditions for long periods of time its window should be 
masked to prevent unintentional erasure. 
The recommended erasure procedure for the fjLPD77P20 is 
exposure to ultraviolet light with wavelengths of 2,537 ang- 
stroms (A). The integrated dose (i.e., UV intensity x expo- 
sure time) for erasure should not be less than 1 5W-sec/cm^. 
The erasure time is approximately 20 minutes using an 
ultraviolet lamp with a power rating of 12,000|ULW/cm^. 
During erasure the |jlPD77P20 should be placed within 1 
inch of the lamp tubes. If the lamp tubes have filters the fil- 
ters should be removed before erasure. 

Configuration 

Data transfer for programming and reading the internal 
ROM Is partitioned into three bytes for each 23-bit wide in- 
struction location and into two bytes for each 13-bit wide 
data location. Partitioning of data transfer into and out of the 
data port is as follows: 

Instruction ROM 



22 21 20 19 18 17 16 15 14 13 12 hi 10 9 8 7 6 5 4 3 2 1 



Data ROi\A 



7 6 5 4 3 2 10 



The data ROM data is transferred through the data port as a 
low byte and a high byte. Bits 0, 1 , and 2 of the low byte 
should be assigned a value of zero. Data is presented to the 
data port in corresponding order. The MSB through the LSB 
of a data ROM byte is applied to the MSB through the LSB 
of the data port, respectively. 

Data Port 7 6 5 4 3 2 10 



High Byte 12 11 10 9 8 7 6 5 J 



Low Byte 4 3 2 1 



Note: * = Set to zero as dummy data 

Initially and after each erasure, all bits of the |ulPD77P20 are 
in the zero state. 



Operation 

In order to read or write the instruction or data ROMs the 
mode of operation of the fxPD77P20 must be initially set. At 
the RST trailing edg e, the R D, WR, and OS should be 
logical zero and the DACK, Ao, and SI signals should be set 
to determine the mode of operation accordingly. 



DACK 


Ao 


SI 













Write mode instruction and data ROMs 








1 


Read the instruction ROIVI 





1 





Read the data ROM 



Once set in any of these modes the |jlPD77P20 will remain 
in the selected mode. To transfer to another mode a reset is 
required. 



The instruction ROM data is transferred through the data 
port as a high byte, middle byte, and low byte. Bit 7 of the 
middle byte should be assigned a value of zero. Data is pre- 
sented to the data port in a bit-reversed format. The LSB 
through the MSB of an instruction ROM byte is applied to 
the MSB through the LSB of the data port, respectively. 



7 6 5 4 3 2 10 



High Byte 


- 


,e 


1'^ 


,8 


,9 


20 


., 


22] 




















Middle Byte 


• 


» 


1^ 


jio 


" 


,. 


,3 


u\ 




















Low Byte 


" 


^ 


1^ 


1' 


^ 


' 


» 


'1 



= Set to zero as dummy d 



Write Mode 

The individual instruction ROM and data ROM bytes are 
specified by control signals RD, Ao, SI, and INT. Before writ- 
ing the EPROM location, the bytes should be loaded ac- 
cordingly. 



RD Ao SI INT 




10 1 


Write instruction byte, high 


10 10 


Write Instruction byte, middle 


10 11 


Write instruction byte, low 


110 


Write data byte, low 


110 1 


Write data byte, high 



Read Mode 

The instruction ROM and data ROM bytes are specified by 
the control signals RD, Ao, SI, and INT. Reading is accom- 
plished by setting the control signals accordingly. 

RD Ao SI INT 









1 


Read instruction byte, high 








1 


Read instruction byte, middle 








1 1 


Read instruction byte, low 


1 








Read data byte, high and low 
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Addressing 

The instruction ROM and data ROM are addressed by the 
9-bit program counter and the 9-bit ROM pointer respec- 
tively. The PC is reset to OOOH and is automatically incre- 
mented to the end address 1 FFH. The RP is reset to 1 FFH 
and is automatically decremented to OOOH. 

Programming 

Programming begins by erasing all data and consequently 
having all bits in the low (0) level state. Data is then entered 
by programming a high (1) level into the chosen bit loca- 
tions. Both instruction ROM and data ROM should be pro- 
grammed since they cannot be erased independently. Both 
instruction ROM and data ROM programming modes are 
entered in the same manner. The device must be initially re- 
set before it can be placed into the programming mode. 
Afte r being reset th e WR signal and all other inputs (RD, 
CS/PROG, DACK, Ao, SI, and INT) should^a TTL low (0) 
signal Trs prior to the falling edge of RST. WR is then held 
for Trh before being set to a TTL high (1 ) level signal. The 
device is now in a programming mode and will stay in this 
mode allowing ROM locations to be sequentially pro- 
grammed. 

Programming iViode — Instruction ROM 

Instruction ROM locations are sequentially programmed 
from address OOOH to address 1 FFH. The location address 
is incremented by the application of CLK for a duration of 
TcY. Dat a bytes for each location as specified by control sig- 
nals RD, Ao, Sl^nd INT are clocked into the device by the 
falling edge of RD. After the three bytes have been loaded 
into the device, Vpp is raised to 21 V ± 0.5V Tvs prior to OS/ 
PROG transitioning to a TTL high (1 ) level signal. Vpp is 
held for the duration of Tpw plus Tvh before returning to the 
Vcc level. After Tah the instruction ROM address can be in- 
cremented to program the next location. 

Programming iViode — Data ROIM 

Data ROM locations are sequentially programmed from ad- 
dress 1 FFH to address OOOH. The location address is dec- 
remented by the application of CLK for Tcy- The data bytes 
for each location as specified by control signals RD, Ao, SI, 
and INT are clocked into the device by the falling edge of 
RD. After the two bytes have been loaded into the device, Vpp 
is raised to 21 V ± 0.5V Tvs prior to CS/PROG transitioning 
to a TTL high (1) level signal. Vpp is held for the duration of 
Tpw plus Tvh before returning to the Vcc level. After Tah the 
data ROM address can be decremented to program the 
next location. 

Read Mode 

A read should be performed to verify that the data was pro- 
grammed correctly. Prior to entering read mode the device 
must be reset. 

Read iUiode — Instruction ROM 

This mode is entered by holding the WR signal at a TTL low 
(0) level with the SI signal at a TTL hig h (1 ) le vel and all 
other specified inputs (RD, CS/PROG, DACK, Ao, INT) at 
TTL low (0) levels for Trs prior to the falling edge of RST. 



WR is then held for Trh before being set to a TTL high (1 ) 
level. The device is now in the instruction ROM read mode 
and will stay in this mode until reset. Instruction ROM loca- 
tions are sequentially read from address OOOH through 
1 FFH. Application of CLK for Tcy will increment the location 
address. The three data bytes will be read as specified by 
the control signals RD, Ao, SI, and INT. 

Read Mode— Data ROM 

This mode is entered by holding the WR signal at a TTL low 
(0) level with the Ao signal at_a TTL hig h (1) le vel and all 
other specified inputs (RD, CS/PROG, DACK, SI, INT) at 
TTL low (0) levels for Trs prior to the falling edge of RST. 
WR and Aq are then held for Trh prior to the falling edge of 
RST. WR and Ao are then held for Trh before being set to a 
TTL high (1 ) level and TTL low (0) level respectively. The 
device is now in the data ROM read mode and will stay in 
this mode until it is reset. Data ROM locations are sequen- 
tially read from address 1FFH through OOOH. Application of 
CLK for Tcy will decrement the location address. After dec- 
rementing the location address, the low byte of the current 
location will be available at the data port subsequent to a 
TcKD delay. Application of RD will present the high byte Trd 
from the falling edge of the RD pulse. RD is then applied for 
TvR to complete reading of the current location. 



Programming Operation, AC Characteristics 

Ta = 25° ± 5 °C, Vcc = 5V ± 5%, Vpp = 21 V ± 0.5V 




Symbol 




Umhs 




Unit 


Test 


Parameter 


Min 


Typ 


Max 




CLK Cycle Time 


Tcy 


240 






ns 




RST Pulse Width 


Trst 


4 






Tcy 




RST Setup Time 


Trs 


1 






l»s 




RST Hold Time 


Trh 


6 






^is 




CLK Setup Time 


TCLKS 


2 






JtS 




Data Setup Time 


Tds 


1 






(JlS 




Data Hold Time 


Tdh 


100 






ns 




Control Signal Setup Time 


Tcss 


100 






ns 




Control Signal Hold Time 


TCSH 


100 






ns 




Read Pulse Width 


Trw 


1 






Its 




Write Data Setup Time 


Twos 


100 






ns 




Write Data Hold Time 


TwDH 


2 






us 




Vpp Setup Time 


Tvs 


2 






IAS 




Vpp Hold Time 


Tvh 


2 






fAS 




Address Hold Time 


Tah 


200 






ns 






Tpw 


45 


50 


55 


ms 





B 



Read Operation, AC Characteristics 

Ta = 25°C ± 5°C; Vcc = 5V ± 5%; Vpp = Vcc ± 5%; K-level 
parts, VppMAX = VccMAX + 0.25V; VppMIN = 
VccMIN - 0.85V; E-level and P-level parts, Vpp = 
Vcc 





Symbol 




UmHs 




Unit 


Test 


Parameter 


Min 


Typ 


Max 




Output Delay from CLK 


TcKD 






1 


llS 




Output Delay from 
Control Signal 


TCSD 






1 


iXS 




Output Hold Time from 
Control Signal 


Tosh 









ns 




Control Signal Pulse 
Width 


Tcsw 


1 






flS 




Recovery Time Between 
Control Signal 


Trv 


500 






ns 




RD to Output Delay 


Trd 






150 


ns 




RD to Output Float 


Tdf 


10 






ns 
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Write Mode of Instruction ROM 




Write Mode of Data ROM 
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Tpw 
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Read Mode of Instruction ROM 



|jiPD77P20 
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Read Mode of Data ROM 
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Operation Mode 

The fjLPD77P20 may be utilized in an operation mode after 
the instruction ROM and data ROM have been pro- 
grammed. Operation modes are invoked in slightly different 
manners depending on the mask level and the specific 
mask lot within the series. 



Package Outlines 

For information, see Pacicage Outline Section 7. 

Ceramic, fxPD77P20D, has quartz window 



K-masi( 

The |xPD77P20 K-mask requires that Vpp be supplied in a 
different manner than for the E-mask for an operation mode 
only. Vpp voltage should be supplied in the following fashion: 




Vpp = Vcc - (0.6 ± 0.25)V 
Ipp Min = 0.5mA 
Max = 3.5mA 

A silicon junction diode of 0.6V fon/vard voltage (Vf) should 
be used. R should be 80011 to 1 .SKU to satisfy the Vpp and 
Ipp requirements. 

Parts before lot K21031 (excluding K21031) require a NOP 
(No Operation) to be programmed into instruction ROM lo- 
cation OOOH in order to properly operate at 8MHz. For parts 
with lot numbers equal to or greater than K21031 location 
OOOH of the instruction ROM doe^ not require a NOP for 
8MHz operation. 

E-masic and P-masIc 

The (jlPD77P20 E-mask and P-mask requires that Vpp be 
connected directly to Vcc for an operation mode as shown. 
The P-mask version is packaged as a cerdip. Note that 
these versions are also compatible with the K-mask Vpp 
specifications. 



|xPD77P20 
E-mask 



No additional constraints apply to these versions. For both 
versions adequate power supply decoupling should be pro- 
vided. 



77P20DS-REV1 -7-83-CAT-D 
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|jlPD7751 
ADPCM VOICE SYNTHESIS LSI 



Description 

The jxPD7751 is an LSI device for high quality voice synthesis 
applications. Based on an ADPCM algorithm (adaptive differen- 
tial PCM), the device decodes voice data stored in external 
ROM and outputs a synthesized voice signal. This output may 
be sent to a conventional audio speaker through an 8-bit D/A 
converter, filter and power amplifier. 
Eight messages can be stored per 128K-bit memory bank, at 
compressed bit rates of 14 to 20K-bits/second. Efficient encod- 
ing of silences within a message allows further compression of 
digitized voice signals. Voices may also be mixed with back- 
ground music or other sounds. 

Features 

n ADPCM decoding capability 

n Eight messages selectable per memory bank 

D Compatible with 2716/32 external ROM 

n Unlimited number of messages storable in multiple memory 

banks 
D Variable bit rate 14 to 20Kbps 
n Sampling clock 4, 5, or 6KHz 
D Compressed encoding for pauses 
D Easy voice processing 

- High quality voice reproduction 

- Minimum dependence on voice characteristics of 
speaker 

- Easy analysis and data generation 

- Stable voice quality 

- Combined voice and background music capability 
n N channel MOS 

n +5V single power supply 
n 40-pin plastic DIP 



Pin Configuration 



TESTi C 1 

XTALi C 2 

XTALj C 3 

RESET C 4 

I.C C 5 

STARTC 6 

TESTzC 7 

I.C C 8 

I.C. C 9 

I.C. C 10 

I.C. C 11 

DATAo C 12 

DATAi C 13 

DATA2 C 14 

DATA3 C 15 

DATA4 C 16 

DATA5C 17 

DATAe C 18 

DATA7C 19 

GND C 20 



40 I] 

39 3 

38 3 

37 D 

36 3 

35 D 

34 D 

33 3 

32 3 

31 3 

30 3 

29 3 

28 3 

27 3 

26 D 

25 D 

24 D 

23 D 

22 3 

21 3 



Vcc(+ 5V) 

TEST3 

BUSY 

SEU 

SEU 

SEU 

VO7 

VOe 

VO5 

VO4 

VO3 

VO2 

VO1 

VOo 

Vcc(+ 5V) 

PROG 

AD3 

AD2 

ADi 

ADo 



Pin identification 





Pin 




I/O 


Function 


No. 


Symbol 


Name 


2,3 


XTALi 
XTAL2 


Crystal 


- 


Form a clock oscillator circuit when externally con- 
nected to 6MHz crystal 


4 


RESET 


Reset 


1 


Initializes the |xPD7751 internal logic 


6 


START 


Start 


1 


Starts output of message that has been selected 
by SELo- SEL2. Active low trigger input 


12-19 


DATAo 

to 

DATA7 


Data 
Signal 


1 


Transfers the compressed voice data from an 


21-24 


ADo 

to 

AD3 


Address 
Signal 





Specifies to I/O expander ports (eg, |jlPD8243) the 
address of the external memory containing the 
stored voice data. 


25 


PROG 


Program 
Signal 





Strobe signal for decoding address signals Low to 
high transition indicates address information is 
present on lines AD0-AD3 


27-34 


VOo 

to 

VO7 


Voice 
Signal 





Outputs to D/A converter the 8-bit voice signal that 
has been decoded via ADPCM 


35-37 


SELo 

to 

SEL2 


Message 
Select 


1 


Specifies which of eight types of stored messages 
to be output from external memory 


38 


Busy 


Busy 
Signal 





Chip status; goes low during decode and output 
operations 


26,40 


Vcc 


Power 
Supply 


1 


+ Svolt power supply. 


20 


GND 


Ground 






5,8-11 


IC 


Internal 
Connection 





Must be left open during normal operation. 


1,7,39 


TESTi 

to 

TEST3 


Test 
Input 


1 


Inputs for LSI testing. Must be connected to GND 
during normal operation. 




Paclcage Outlines 

For information, see Package Outline Section 7. 

Plastic, |jlPD7751 



7751DS-7-83CAT-W 
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|xPD7752 
FORMANT VOICE SYNTHESIS 



Description 

The |jlPD7752 is an LSI for voice synthesis which employs 
formant data as accumulated parameters. With five filters 
corresponding to the first through the fifth formants, vocal 
characteristics are reproduced to synthesize voice at bit rates 
as low as 2400bps. The |jlPD7752 can be connected easily 
to any bus system of the 8080A family Through serial 
interfaces, the LSI can also be connected to various other 
microcomputers. The |jlPD7752 operates with attractive low 
power consumption because of its CMOS structure. 

Features 

D Voice synthesizing system using formant parameters 
D 5 formants — first through fifth 
D Bit rate variable between 5600bps and 2400bps 
D Internal 32K-bit ROM for voice data storage (voice 

duration: approx. 13 seconds at 2400bps, max 63 

messages) 
D External formant parameter ROM (option) 
D On-board 9-bit D/A converter — option provided to 

interface an external D/A converter 
D 3 different voice synthesizing speeds (slow, normal, and 

fast) 
D Frame length: 10ms or 20ms 
D Bus-compatible with the |xPD8080A, ^xPD8085A and 

HLPD8048 
D Serial interface for mode/command input 
D Clock oscillator circuit 
D CMOS structure 
D + 5V single power supply 
D 28-pin plastic DIP 

Pin Configuration 



Pin Identification 



REQC 

BUSYC 

RESET C 

DBoC 

DBi C 

DB2C 

DB3I: 

DB4I: 

DBsC 

DBeC 

DB7C 

SCKC 

SIC 

GNDC 



3Vcc 

3DV0 
D VCK 
DTEST 
3GNDA 
3 AVO 
3 VSTB 
D RD 
D WR 
DXa 

DXi 

DCS 
DAo 
DAi 



No. Symbol Name 



Function 



REQ Request 



Requests a formant parameter from external 
ROM. Returns to low level after the 
parameter has been written, or if an error 
occurs during the parameter transfer, or if a 
stop command is received during voice 
generation. 



2 


BUSY 


Busy 


Indicates message select command 
progress. 


3 


RESET Reset 1 


Resets device. 


4-11 


DBo- 
DB7 


Data Bus Three- Bidirectional data bus for input of mode, 
state command, and formant parameter data to 
|i.PD7752, and output of status information. 


12 


SCK 


Serial Clock 1 


Clock for serial input. Should be held high 
for parallel input mode 


13 


SI 


Serial Input 1 


Serial input for mode or command data, as 
specified by Ao. 


14 


GND 


Ground 




15,16 


Ao,Ai 


Input Data 1 
Identification 


Specification of parallel bus input as mode, 
command, or formant data (see I/O Control 
Signals Table). For serial input: Ao = for 
mode; Ao = 1 for command. 


17 


CS 


Chip Select 1 


transfers on parallel data bus. 


18,19 


Xl,X2 


Crystal 
Oscillator 


Connection for 3.6MHz (3.579545MHz) 
crystal or ceramic oscillator, or for input of 
external clock into Xi. 


20 


WR 


Write 1 


Low-level signal writes bus input to the 
(jiPD7752 (mode, command, or formant data 
as specified by Ac, Ai , see I/O Control 
Signals Table). 


21 


RD 


Read 1 


from the |jlPD7752, independent of the value 
ofAoandAi. 


22 


VSTB 


Voice Output 
Strobe 


Strobe indicates that all 16 bits of serial data 
have been output from DVO (digital voice 
output). 


23 


AVO 


Analog Voice 
Output 


Synthesized analog voice output from 9-bit 
resistor 


24 


GNDA 


Analog Ground 


Ground potential for AVO (analog voice 
output) 


25 


TEST 


Test 1 


Input for LSI testing. Must be connected to 
GND during norma! operation. 


26 


VCK 


Voice Clock 


Output of 16 clock pulses synchronized to 
DVO signal. 


27 


DVO 


Digital Voice 
Output 


Synthesized digital voice output as the 14 
MSB of a 16-bit serial data stream. Output is 
LSB first, and the first two (LSB) bits are 
zero. 


28 


Vcc 


Power 


+ 5V power supply. 


I/O Control Signals 


cs 


RD WR Ao Ai 


Operation 


1 


X 


XXX 


No operation 








1 X X 


Status read 





1 





Formant parameter write 





1 


1 


Mode write 





1 


1 


Prohibited 





1 


1 1 


Command write 




Note: = Low 

1 = High 

X = Don't Care 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, |jlPD7752 
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|jiPD7761 /^PD7762/MC-4760 

SPEECH RECOGNITION 

3-CHIPSET 



Description 

The |jlPD7761, jjlPD7762, and MC-4760 constitute a 3-chip 
LSI set containing the main functions of an isolated word , 
speaker-dependent recognition system. These functions 
include an analog interface, processing for voice analysis, 
compressed dynamic programming (DP) matching, and 
system control. The 3-chip set employs a DP time warping 
algorithm to compensate for variations in the rate of speech, 
which greatly facilitates the matching of a given spoken 
phrase to a stored vocabulary of digitized words. Three kinds 
of system I/O interface are supported for ease of control by 
external microcomputers. With this LSI chip set, speech 
recognition systems can be developed for low cost and with 
low total chip count. 



Pin Configurations 



Features 

D Recognition of 128 isolated words 

D Compressed DP matching algorithm 

D Word registration capacity: 128 to 512 words 

(with 16K-to 64K-byte memory) 
D Word duration up to 2 seconds 
D Average 0.5 seconds response time for recognition 
D Recognition rate above 98 percent 
D Directly connectable to microphone for voice input 
D Supports parallel, serial, and RS-232C system I/O 

interfaces 
D Convenient commands for recognition, training, data 

transfer, and other functions 
D Includes analog interface (MC-4760), analysis and 

calculation processor (fjLPD7761), and control processor 

(P.PD7762) 
D Requires + 5V, + 12V, - 12V power supply 
D A/D converter sampling at 10kHz 



DBo I 
DORQ 
HST I 



SAK I 
SCS 



1 


Ky 


64 


2 




63 


3 




62 


4 




61 


5 




60 


6 




59 


7 




58 


8 




57 


9 




56 


10 




55 


11 




54 


12 




53 


13 




52 


14 




51 


15 




50 


16 




49 


17 




48 


18 




47 


19 




46 


20 




45 


21 




44 


22 




43 


23 




42 


24 




41 


25 




40 


26 




39 


27 




38 


28 




37 


29 




36 


30 




35 


31 




34 


32 




33. 



I AB,2 



I SELo 
OBF 



NCC 


1 ^ 


^ 28 


3v,. 


pu C 


2 


27 


DAo 


NU C 


3 


26 


DCS 


NU C 


4 


25 


3rd 


NU C 


5 


24 


DWR 


DoC 


6 


23 


3 DORQ 




7 22 
|xPD7761 

8 21 


3nu 

3DVI 


D3C 


9 


20 


3CG 


D4C 


10 


19 


3 SMPLo 


D5 c 


11 


18 


3SCLK 


De C 


12 


17 


3 SMPL, 


D7 C 


13 


16 


3RST 


GND C 


14 


15 


3CLK 


MIC IN C 


1 


24 


3 LINE IN 


DVOC 


2 


23 


3 LPF OUT 


CLKC 


3 


22 


3 GADJ 


SMPL C 


4 


21 


3v„ 


NCC 


5 


20 


3 GND 


GND C 

v-C 


6 19 
MC-4760 

7 18 


3V + 
3 ATCo 


NCC 


8 


17 


3 ATCi 


NCC 


9 


16 


3ATC2 


A OUT C 


10 


15 


3ATC3 


ATC, C 


11 


14 


3ATC4 


ATCg C 


12 


13 


3ATC3 
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f/PD8155 
MPD8155-2 
/1PD8156 
MPD8156-2 



2048 BIT STATIC MOS RAM WITH 
I/O PORTS AND TIMER 



DESCR IPTION The juPD8155 and mPD8156 are mPD8085A family components having 256 X 8 Static 
RAM, 3 programmable I/O ports and a programmable timer. They directly interface 
to the multiplexed mPD8085A bus with no external logic. The ^^08155 has an active 
low chip enable while the mPD8156 is active high. 



FEATURES • 256 X 8-Bit Static RAM 

• Two Programmable 8-Bit I/O Ports 

• One Programmable 6-Bit I/O Port 

• Single Power Supplies: +5 Volt, ±10% 

• Directly interfaces to the iuPD8085A and iuPD8085A-2 

• Available in 40 Pin Plastic Packages 



PIN CONFIGURATION 



PC3C 


1 


K^ 


40 


DVcc 


PC4C 


2 




39 


DPC2 


TIMER IN C 


3 




38 


DPCi 


RESET C 


4 




37 


DPCO 


PC5C 


5 




36 


DPB7 


TIMER OUT C 


6 




35 


DPB6 


io/mC 


7 




34 


DPB5 


CE/CE^ C 


8 




33 


3PB4 


RDC 


9 




32 


DPB3 


WRC 


10 


jLlPD 


31 


3PB2 


ALE C 


11 


8155/ 


30 


DPBl 


ADoC 


12 


8156 


29 


Dpbo 


ADi C 


13 




28 


DPA7 


AD2C 


14 




27 


DPA6 


AD3C 


15 




26 


1PA5 


AD4C 


16 




25 


3PA4 


AD5C 


17 




24 


DPA3 


ADeC 


18 




23 


DpA2 


AD7C 


19 




22 


Dpai 


VssC 


20 




21 


Dpao 




VPD8155: CE 








MP08156: CE 








Rev/3 
6-137 



HPD81 55/81 56 



The iuPD8155 and juPD8156 contain 2048 bits of Static RAM organized as 256 X 8. 
The 256 word memory location may be selected anywhere within the 64K memory 
space by using combinations of the upper 8 bits of address from the //PD8085A as a 
chip select. 

The two general purpose 8-bit ports (PA and PB) may be programmed for mput or 
output either in interrupt or status mode. The single 6-bit port (PC) may be used as 
control for PA and PB or general purpose mput or output port. The /iPD8155 and 
iuPD8156 are programmed for their system personalities by writing into their 
Command/Status Registers (C/S) upon system initialization. 

The timer is a single 14-bit down counter which is programmable for 4 modes of oper- 
ation; see Timer Section. 



FUNCTIONAL 
DESCRIPTION 













V^^(+5V) 
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8 
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lO/M 
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C 
H 
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CE 
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8 
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R ESET 


P 
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PC^ - PC^ 


nn 
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ss'ov) 











BLOCK 
DIAGRAM 



Operating Temperature C to +70 C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin -0.5 to +7 Volts© 

Power Dissipation 1 .5 W 

Note: ® Wfth Respect to Ground. 

Ta = 25° C 

*COMMENT. Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 
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PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1,2,5 
39, 38, 37 


PC3, PC4, PC5 
PC2, PCi,PCo 


PortC 


Used as control for PA and 
PB or as a 6-bit general 
purpose port 


3 


TIMER IN 


Timer Clock In 


Clock input to the 14-blt 
binary down counter 


4 


RESET 


Reset In 


From /iPD8085A system reset 
to set PA, PB, PC to the input 
mode 


6 




Tinner Counter Output 


The output of the timer 
function 


TIMER OUT 


7 


lO/M 


I/O or Mennory 
Indicator 


Selects whether operation to 
and from the chip is directed 
to the internal RAM or to 
I/O ports 


8 


CE/CE 


Chip Enable 


Chip Enable Input Active 
lowforiuPD8155and 
active high for /iPD81 56 


9 


RD 


Read Strobe 


Causes Data Read 


10 


WR 


Write Strobe 


Causes Data Write 


11 


ALE 


Address Low Enable 


Latches low order address 
in when valid 


12-19 


ADo- ADy 


Low Address/Data 


3-State address/data bus 
to interface directly to 
MPD8085A 


20 


vss 


Ground 


Ground Reference 


21-28 


PAo - PA7 


Port A 


General Purpose I/O Port 


29-36 


PBo - PB7 


Port B 


General Purpose I/O Port 


40 


vcc 


5 Volt Input 


Power Supply 



DC CHARACTERISTICS 



Ta = 0°Cto+70°C;Vcc 


= 5V±10% 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 


-0.5 




0.8 


V 




Input High Voltage 


V|H 


2.0 




Vcc+O-B 


V 




Output Low Voltage 


Vol 






a45 


V 


lOL- 2 mA 


Output High Voltage 


VOH 


Z4 






V 


lOH- 400 mA 


Input Leakage 


»IL 






±10 


ma 


ViN'VcctoOV 


Output Leakage Current 


ILO 






±10 


ma 


0.45V < VOUT 

<vcc 


Vcc Supply Current 


Ice 






180 


mA 




Chip 

Enable 

Leakage 


MPD8155 


I|L(CE) 






+100 


ma 


V|N«VcctoOV 


MPD8156 


I|L(CE) 






-100 


MA 
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Tg = 0°C to +70° C, Vcc = 5V ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITldNS 


8155/8156 


8155-2/8156-2 


MIN 


MAX 


MIN 


MAX 


Address to Latch Set Up Time 


tAL 


50 




30 




ns 


150 pF Load 


Address Hold Time after Latch 


tLA 


80 




30 




ns 


Latch to READ/WRITE Control 


tLC 


100 




40 




ns 


Valid Data Out Delay from READ Control 


tRD 




170 




140 


ns 


Address Stable to Data Out Valid 


tAD 




400 




330 


ns 


Latch Enable Width 


tLL 


100 




70 




ns 


Data Bus Float After READ 


tRDF 





100 





80 


ns 


READ/WRITE Control to Latch Enable 


tCL 


20 




10 




ns 


READ/WRITE Control Width 


tec 


250 




200 




ns 


Data In to WR ITE Set Up Time 


tDW 


150 




100 




ns 


Data In Hold Time After WRITE 


tWD 












ns 


Recovery Time Between Controls 


tRV 


300 




200 




ns 


WRITE to Port Output 


twp 




400 




300 


ns 


Port Input Setup Time 


tpR 


70 




50 




ns 


Port input Hold Time 


tRP 


50 




10 




ns 


Strobe to Buffer Full 


tSBF 




400 




300 


ns 


Strobe Width 


tss 


200 




150 




ns 


READ to Buffer Empty 


tRBE 




400 




300 


ns 


Strobe to INTR On 


tSI 




400 




300 


ns 


READto INTR Off 


tRDI 




400 




300 


ns 


Port Setup Time to Strobe 


tPSS 


50 









ns 


Port Hold Time After Strobe 


tPHS 


120 




100 




ns 


Strobe to Buffer Empty 


tSBE 




400 




300 


ns 


WRITE to Buffer Full 


tWBE 




400 




300 


ns 


WRITE to INTR Off 


twi 




400 




300 


ns 


TIMER-IN to TIMER-OUT Low 


tTL 




400 




300 




TIMER-IN to TIMER-OUT High 


tTH 




400 




300 


ns 


Data Bus Enable from READ Control 


tRDE 


10 




10 




ns 



AC CHARACTERISTICS 



CE 
»mPD8i55) 



READ CYCLE 



"\ 



J' 



\ 



3: 



z 



V 



/ — 'V 



z 



► ■ ^ \ DATA VALID ^ I 



^ r-"°-^ / 



TIMING WAVEFORMS 



X 



7" 



X 



/■ 



'^ 



J" 



'\. 



WRITE CYCLE 



c 



V 



\IZJ. 



X 



T 



X 



X 



J'~~^\. 



\m tec ^ 



f 



y 
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STROBED INPUT MODE 



INPUT DATA 
FROM PORT 




STROBED OUTPUT MODE 



OUTPUT DATA 
TO PORT 




RD 
INPUT 



BASIC INPUT MODE 



3fc^ 



H y 




TIMER OUTPUT 



COUNT I I 3 I 2 I 



I I 3 I 



TIMER-IN 


cv 


s 


M 


^ 


/ 


TIMER-OUT 
<PULSE) 


v..^ 


V 


«cvc 




/ * 




L™™r 






^H 


TIMEOUT 




y 


V 






r*— tTL 



>' 



COUNTDOWN FROM 3 TO 

iiPOei 55/81 56 MPD81 55-2/81 56-2 

320ntMIN 200nsMIN 

L 30 ni MAX. 30 ns MAX 

SOntMIN 40niMIN 

120n«MIN 70n»MIN 

TIMER-IN to TIMER-OUT LOW (TO BE DEFINED) 
TIMER-IN to TIMER-OUT HIGH (TO BE DEFINED) 
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The Command Status Register is an 8-bit register which must be programmed before 
the /LtPDSl 55/81 56 may perform any useful functions. Its purpose is to define the 
mode of operation for the three ports and the timer. Programming of the device may 
be accomplished by writing to I/O address XXXXXOOO (X denotes don't care) with a 
specific bit pattern. Reading of the Command Status Register can be accomplished by 
performing an I/O read operation at address XXXXXOOO. The pattern returned will 
be a 7-bit status report of PA, PB and the Timer. The bit patterns for the Command 
Status Register are defined as follows: 

COMMAND STATUS WRITE 



TM2 


TMl 


lEB 


lEA 


PC2 


PCi 


PB 


PA 



where: 



TM2-TM1 


Define Timer Mode 


lEB 


Enable Port B Interrupt 


lEA 


Enable Port A Interrupt 


PC2-PC1 


Define Port C Mode 


PB/PA 


Define Port B/A as In or Out 



The Timer mode of operation is programmed as follows during command status write: 



COMMAND STATUS 
REGISTER 



TM2 


TMl 


TIMER MODE 








Don't Affect Timer Operation 





1 


Stop Timer Counting 


1 





Stop Counting after TC 


1 


1 


Start Timer Operation 



Interrupt enable status is programmed as follows: 



lEB/lEA 



INTERRUPT ENABLE PORT B/A 



No 



Yes 



Port C may be placed in four possible modes of operation as outlined below. The modes 
are selected during command status write as follows: 



PC2 


PCi 


PORT C MODE 








ALT1 





1 


ALT 3 


1 





ALT 4 


1 


1 


ALT 2 



The function of each pin of port C in the four possible modes is outlined as follows: 



PIN 


ALTl 


ALT 2 


ALT 3(2) 


ALT 4 (2) 


POO 


IN 


OUT 


AINTR 


AINTR 


PCI 


IN 


OUT 


ASF 


ABF 


PC2 


IN 


OUT 


aST§ 


AgT§ 


PC3 


IN 


OUT 


OUT 


BINTR 


PC4 


IN 


OUT 


OUT 


BBF 


PC5 


IN 


OUT 


OUT 


bSTB 



NotM: CD PB/PA Sell Port B/A Mode: - Input; 1 - Output 

<2) In ALT 3 and ALT 4 mode the control signals are initialized as follows: 



CONTROL 


INPUT 


OUTPUT 


§t5 (Input Strobe) 


Input Control 


Input Control 


INTR (Interrupt Request) 


Low 


High 


BF (Buffer Full) 


Low 


Low 
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COMMAND STATUS 
REGISTER (CONT.) 



COMMAND STATUS READ 



X 


Tl 


INTE 
B 


B 
BF 


INTR 
6 


INTE 
A 


A 
BF 


INTR 
A 



Where the function of each bit is as follows: 



TI 


Defines a Timer Interrupt. Latched high at TC and 
reset after reading the CS register or starting a new 

count, or reset. 


INTE B/A 


Defines If Port B/A Interrupt is Enabled. 
High == enabled. 


B/ABF 


Defines If Port B/A Buffer is Full- Input Mode or 
Empty-Output Mode. High = active. 


INTR B/A 


Port B/A Interrupt Request. High = active. 



The programming address summary for the status, ports, and timer are as follows: 



I/O Address 


Number of Bits 


Function 


XXXXXOOO 


8 


Command Status 


XXXXX001 


8 


PA 


XXXXX010 


8 


PB 


XXXXX011 


6 


PC 


XXXXX100 


8 


Timer- Low 


XXXXX101 


8 


Timer-High 



TIMER The Internal Timer is a 14-bit binary down counter capable of operating in 4 modes. Its 
desired mode of operation is programmable at any time during operation. Any TTL 
clock meeting timer in requirements (See AC Characteristics) may be used as a time 
base and fed to the timer input. The timer output may be looped around and cause an 
interrupt or used as I/O control. The operational modes are defined as follows and 
programmed along with the 6 high bits of timer data. 




M2 


Ml 


Operation | 








High at Start, Low During Second Half of Count 





1 


Square Wave 

(Period = Count Length, Auto Reload at TC) 


1 





Single Pulse at TC 


1 


1 


Single Pulse at TC with Auto Reload 
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Programming the timer requires two words to be written to the juPDSl 55/81 56 at I/O 
address XXXXX100 and XXXXXlOl for the low and high order bytes respectively. 
Valid count length must be between 2h and 3FFFh. The bit assignments for the high 
and low programming words are as follows: 

I/O Address 

XXXXXlOl 

XXXXXIOO 

The control of the timer is performed by TM2 and TMl of the Command Status Word. 

Note that counting will be stopped by a hardware reset and a START command 
must be issued via the Command Status Register to begin counting. A new mode 
and/or count length can be loaded while counter is counting, but will not be 
used until a START command is issued. 



Word 






Bit Pattern 








High Byte 


M2 


Ml 


T13 


T12 


Til 


TIO 


T9 


T8 












Low Byte 


T7 


T6 


T5 


T4 


T3 


T2 


Tl 


TO 



TIMER (CONT.) 



NONSYNCHRONOUS 

TIMER 

INPUT 




TO 8155/8156 TIMER INPUT 



SYSTEM CLOCK 
FROM8085A 
CLK OUT 

When using the timer of the 8155/8156 care must be taken if the timer input is an 
external, nonsynchronous eveni. To sync this signal to the system clock the flip-flop 
shown should be used. 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, ^JLPD8155C/56C 
Ceramic, |xPD8155D/56D 
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SEC 



/iPD8155H 
MPD8155-2 
MPD8156H 
KPD8156-2 



2048 BIT STATIC MOS RAM WITH 
I/O PORTS AND TIMER 



DESCR IPTION The mPD8155 and /LtPD8156 are iuPD8085A family components having 256 X 8 Static 
RAM, 3 programmable I/O ports and a programmable timer. They directly interface 
to the multiplexed iuPD8085A bus with no external logic. The MPD8155 has an active 
low chip enable while the juPD8156 is active high. 



FEATURES • 256 X 8-Bit Static RAM 

• Two Programmable 8-Bit I/O Ports 

• One Programmable 6-Bit I/O Port 

• Single Power Supplies: +5 Volt, ±10% 

• Directly interfaces to the iuPD8085A and /iPD8085A-2 

• Available in 40 Pin Plastic Packages 



PIN CONFIGURATION 



PC3C 


1 


^-^^^ 


40 


DVcc 


PC4C 


2 




39 


3PC2 


TIMER IN C 


3 




38 


3PCi 


RESET C 


4 




37 


DPCo 


PC5C 


5 




36 


DPB7 


TIMER OUT C 


6 




35 


DPB6 


lO/M C 


7 




34 


DPB5 


CE/CE* C 


8 




33 


3PB4 


RDC 


9 




32 


DPB3 


WR C 


10 


/iPD 


31 


DPB2 


ALE C 


11 


8155/ 


30 


3PB1 


ADoC 


12 


8156 


29 


DPBq 


ADi C 


13 




28 


DPA7 


AD2C 


14 




27 


3PA6 


AD3C 


15 




26 


DPA5 


AD4C 


16 




25 


DPA4 


AD5C 


17 




24 


DPA3 


ADeC 


18 




23 


DpA2 


AD7C 


19 




22 


Dpai 


vssC 


20 




21 


Dpao 




•mPD8155: CE 








MPD8156: CE 








Rev/4 
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The MPD8155 and mPD8156 contain 2048 bits of Static RAM organized as 256 X 8. 
The 256 word memory location may be selected anywhere within the 64K memory 
space by using combinations of the upper 8 bits of address from the /LtPD8085A as a 
chip select. 

The two general purpose 8-bit ports (PA and PB) may be programmed for input or 
output either in interrupt or status mode. The single 6-bit port (PC) may be used as 
control for PA and PB or general purpose input or output port. The iuPD81 55 and 
iuPD8156 are programmed for their system personalities by writing into their 
Command/Status Registers (C/S) upon system initialization. 

The timer is a single 14-bit down counter which is programmable for 4 modes of oper- 
ation; see Timer Section. 



FUNCTIONAL 
DESCRIPTION 




BLOCK 
DIAGRAM 



Operating Temperature C to +70 C ABSOLUTE MAXIMUM 

Storage Temperature -65°C to -h150°C RATINGS* 

Voltage on Any Pin -0.5 to +1 Volts© 

Power Dissipation 1 .5 W 

Note: ® With Respect to Ground. 
Ta = 25°C 

*COMMENT: Stress above those Itsted under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1.^,5 
39, 38, 37 


PC3. PC4. PC5 
PC2.PCi,PCo 


PortC 


Used as control for PA and 
PB or as a 6-bit general 
purpose port 


3 


TIMER IN 


Timer Clock In 


Clock input to the 14-bit 
binary down counter 


4 


RESET 


Reset In 


From /iPD8085A system reset 
to set PA, PB, PC to the input 
mode 


6 




Timer Counter Output 


The output of the timer 
function 


TIMER OUT 


7 


lO/M 


I/O or Memory 
Indicator 


Selects whether operation to 
and from the chip is directed 
to the internal RAM or to 
I/O ports 


8 


CE/CE 


Chip Enable 


Chip Enable Input. Active 
lowfor/LtPD8155and 
active high for /otPD81 56 


9 


RD 


Read Strobe 


Causes Data Read 


10 


WR 


Write Strobe 


Causes Data Write 


11 


ALE 


Address Low Enable 


Latches low order address 
in when valid 


12-19 


ADo- AD7 


Low Address/Data 


3-State address/data bus 
to interface directly to 
/iPD8085A 


20 


vss 


Ground 


Ground Reference 


21 28 


PAo - PA7 


Port A 


General Purpose I/O Port 


29-36 


PBo - PB7 


Port B 


General Purpose I/O Port 


40 


vcc 


5 Volt Input 


Power Supply 



DC CHARACTERISTICS 



Ta = 0°C to +70°C; VcC = 5V ± 10% 








PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


Input Low Voltage 


V|L 


-0.5 


0.8 


V 




Input High Voltage 


V|H 


2.0 


Vcc+0.5 


V 




Output Low Voltage 


Vol 




0.45 


V 


IOL=2mA 


Output High Voltage 


VOH 


2.4 




V 


lOH =400/iA 


Input Leakage 


l|L 




±10 


ma 


V|N=VcCtoOV 


Output Leakage Current 


ILO 




±10 


ma 


0.45V < VoUT 

<vcc 


Vcc Supply Current 


Ice 




125 


mA 


8155H/8156H 




180 


mA 


8155-2/8156-2 


Chip 

Enable 

Leakage 


iuPD8155 


I|L(CE) 




+ 100 


juA 


V|N = VcCtoOV 


MPD8156 


I|L(CE) 




-100 


ma 
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Ta = 0°C to +70°C, Vcc = 5V ± 10% 














PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


8155H/8156H 


8155 2/8156-2 


MiN 


MAX 


MIN 


MAX 


Address to Latch Set Up Time 


tAL 


50 




30 




ns 


150 pF Load 


Address Hold Time after Latch 


tLA 


80 




30 




ns 


Latch to READ/WRITE Control 


tLC 


100 




40 




ns 


Valid Data Out Delay from READ Control 


tRD 




170 




140 


ns 


Address Stable to Data Out Valid 


tAD 




400 




330 


ns 


Latch Enable Width 


tLL 


100 




70 




ns 


Data Bus Float After READ 


tRDF 





100 





80 


ns 


READ/WRITE Control to Latch Enable 


tCL 


20 




10 




ns 


READ/WRITE Control Width 


tec 


250 




200 




ns 


Data In to WRITE Set Up Time 


tow 


150 




100 




ns 


Data In Hold Time After WRITE 


two 












ns 


Recovery Time Between Controls 


tRV 


300 




200 




ns 


WRITE to Port Output 


tWP 




400 




300 


ns 


Port Input Setup Time 


tPR 


70 




50 




ns 


Port Input Hold Time 


tRP 


50 




10 




ns 


Strobe to Buffer Full 


tSBF 




400 




300 


ns 


Strobe Width 


tss 


200 




150 




ns 


READ to Buffer Empty 


tRBE 




400 




300 


ns 


Strobe to INTR On 


tSI 




400 




300 


ns 


READ to INTR Off 


tRDI 




400 




300 


ns 


Port Setup Time to Strobe 


tPSS 


50 









ns 


Port Hold Time After Strobe 


tPHS 


120 




100 




ns 


Strobe to Buffer Empty 


tSBE 




400 




300 


ns 


WRITE to Buffer Full 


tWBE 




400 




300 


ns 


WRITE to INTR Off 


tWI 




400 




300 


ns 


TIMER-IN to TIMER-OUT Low 


tTL 




400 




300 


ns 


TIMER-IN to TIMER-OUT High 


tTH 




400 




300 


ns 


Data Bus Enable from READ Control 


tRDE 


10 




10 




ns 



AC CHARACTERISTICS 



READ CYCLE 



CE 
(«iP08i55) 



Y 
J^ 



3: 



c 



V 



/' 's. 



X 



~T 



,L 



X 



-^ \ DATA VALID ^ / ^ 



t -^ tRD i^- 



f 



f 



WRITE CYCLE 



\ 



J 



"N. 



3: 



c 



Y 



/ X 



X 



T 



z 



X 



:a: 



X 



h" «cc ^ 



r 



y 



TIMING WAVEFORMS 
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STROBED INPUT MODE 



j: 



INPUT DATA ' 
FROM PORT 



OUTPUT DATA 
TO PORT . 



"Y 



V 



f>SS t * "~^ 




£ 



xr^y/ 



tRBE — l»>j 



STROBED OUTPUT MODE 



twi — w>^ 



i;^ 



^^ 



e 



BASIC INPUT MODE 



.=5t 



J- 



B 





BASI 


C OUTPl 


JTMC 


)DE 




WR 







« 




















DATA BUS __^ 


.-X_ 


X 





OUTPUT 






1 




LOAD 
COUNTER 
FROMCLB 

COUNT 1 


1 


3 1 


Tl 

2 


IMERC 

1 


>UTPUT 

RELOAD 
COUNTER 
FROMCLR 
1 1 c 




COUNTDOWN FROM 3 TO 

uPDeiSS/BISe MPD8156-2/8156 2 

330niMIN 200n«MIN 

L 30 ni MAX 30 ni MAX 

SOntMIN 40niMIN 

120 nt MIN 70 m MIN 

TIMER-IN to TIMER-OUT LOW (TO BE DEFINED) 
TIMER-IN to TIMgR-duT HIGH (TO BE DEFINED) 
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The Command Status Register is an 8-bit register which must be programmed before 
the /iPD81 55/81 56 may perform any useful functions, its purpose is to define th/& 
mode of operation for the three ports and the timer. Programming of the device may 
be accomplished by writing to I/O address XXXXXOOO (X denotes don't care) with a 
specific bit pattern. Reading of the Command Status Register can be accomplished by 
performing an I/O read operation at address XXXXXOOO. The pattern returned will 
be a 7-bit status report of PA, PB and the Timer. The bit patterns for the Command 
Status Register are defined as follows: 

COMMAND STATUS WRITE 



COMMAND STATUS 
REGISTER 



TM2 


TM1 


lEB 


lEA 


PC2 


PCi 


PB 


PA 



where: 



TM2TM1 


Define Timer Mode 


lEB 


Enable Port B Interrupt 


lEA 


Enable Port A Interrupt 


PC2PC1 


Define Port C Mode 


PB/PA 


Define Port B/A as In or Out 



The Timer mode of operation is programmed as follows during command status write: 



TM2 


TM1 


TIMER MODE 








Don't Affect Tinner Operation 





1 


Stop Timer Counting 


1 





Stop Countmg after TC 


1 


1 


Start Timer Operation 



Interrupt enable status is programmed as follows: 



lEB/lEA 


INTERRUPT ENABLE PORT B/A 





No 


1 


Yes 



Port C may be placed in four possible modes of operation as outlined below. The modes 
are selected during command status write as follows: 



^2 


PCi 


PORT C MODE 








ALT1 





1 


ALT 3 


1 





ALT 4 


1 


1 


ALT 2 



The function of each pin of port C in the four possible modes is outlined as follows: 



PIN 


ALTl 


ALT 2 


ALT3(^ 


ALT 4 (2) 


PCO 


IN 


OUT 


AINTR 


AINTR 


PCI 


IN 


OUT 


ABF 


ABF 


PC2 


IN 


OUT 


Asr§ 


AgTB 


PC3 


IN 


OUT 


OUT 


BINTR 


PC4 


IN 


OUT 


OUT 


BBF 


PCS 


IN 


OUT 


OUT 


B5TB 



NotM: PB/PA Sets Port B/A Mode: - Input; 1 - Output 

(Z In ALT 3 and ALT 4 mode the control signals are initialized as follows: 



CONTROL 


INPUT 


OUTPUT 


§TB (Input Strobe) 


Input Control 


Input Control 




Uw 


High 


BF (Buffer Full) 


Low 


Low ^ 
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COMMAND STATUS 
REGISTER (CONT.) 



COMMAND STATUS READ 



X 


Tl 


INTE 
B 


B 
BF 


INTR 
B 


INTE 
A 


A 
BF 


INTR 
A 



Where the function of each bit is as follows: 



Tl 


Defines a Timer Interrupt. Latched high at TC and 
reset after reading the CS register or starting a new 
count, or reset. 


INTE B/A 


Defines If Port B/A Interrupt is Enabled. 
High = enabled. 


B/ABF 


Defines If Port B/A Buffer is Full-Input Mode or 
Empty-Output Mode. High = active. 


INTR B/A 


Port B/A Interrupt Request. High = active. 



The programming address summary for the status, ports, and timer are as follows: 



I/O Address 


Number of Bits 


Function 


XXXXXOOO 


8 


Command Status 


XXXXXOOl 


8 


PA 


XXXXX010 


8 


PB 


XXXXX011 


6 


PC 


XXXXX100 


8 


Timer- Low 


XXXXX101 


8 


Timer-High 



TIMER The Internal Timer is a 14-blt binary down counter capable of operating in 4 modes. Its 
desired mode of operation is programmable at any time during operation. Any TTL 
clock meeting timer in requirements (See AC Characteristics) may be used as a time 
base and fed to the timer input. The timer output may be looped around and cause an 
interrupt or used as I/O control. The operational modes are defined as follows and 
programmed along with the 6 high bits of timer data. 




M2 


Ml 


operation 








High at Start, Low During Second Half of Count 





1 


Square Wave 

(Period = Count Length, Auto Reload at TC) 


1 





Single Pulse at TC 


1 


1 


Single Pulse at TC with Auto Reload 
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Programming the timer requires two words to be written to the /iPD81 55/81 56 at I/O 
address XXXXXIOO and XXXXX101 for the low and high order bytes respectively. 
Valid count length must be between 2h and 3FFFh. The bit assignments for the high 
and low programming words are as follows: 



TIMER (CONT.) 



Word 

High Byte 



Bit Pattern 



I/O Address 



M2 


Ml 


T13 


T12 


Til 


T10 


T9 


T8 



XXXXX101 
Low Byte T7 T6 T5 T4 T3 T2 T1 TO XXXXXIOO 



The control of the timer is performed by TM2 and TM1 of the Command Status Word. 

Note that counting will be stopped by a hardware reset and a START command 
must be issued via the Command Status Register to begin counting. A new mode 
and/or count length can be loaded while counter is counting, but will not be 
used until a START command is issued. 



NONSYNCHRONOUS 

TIMER 

INPUT 




TO 8155/8156 TIMER INPUT 



SYSTEM CLOCK 
FROM8085A 
CLK OUT 

When using the timer of the 8155/8156 care must be taken if the timer input is an 
external, nonsynchronous event. To sync this signal to the system clock the flip-flop 
shown should be used. 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, |xPD8155C/56C 
Ceramic, fjLPD8155D/56D 



8155/8156DS-REV4-7-83-CAT 
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EIGHT-BIT INPUT/OUTPUT PORT 



DESCRIPTION TheiuPB8212 input/output port consists of an 8-bit latch with three-state output 

buffers along with control and device selection logic. Also included is a service request 
flip-flop for the control and generation of interrupts to the microprocessor. 

The device is multimode in nature and can be used to implement latches, gated buffers 
or multiplexers. Thus, all of the principal peripheral and input/output functions of a 
microcomputer system can be implemented with this device. 



FEATURES • Fully Parallel 8-Bit Data Register and Buffer 

• Service Request Flip-Flop for Interrupt Generation 

• Low Input Load Current - 0.25 mA Max 

• Three State Outputs 

• Outputs Sink 15 mA 

• 3.65\/ Output High Voltage for Direct Interface to 8080A Processor 

• Asynchronous Register Clear 

• Replaces Buffers, Latches and Multiplexers in Microcomputer Systems 

• Reduces System Package Count 

• Available in 24-pin Plastic and Cerdip Packages 



PIN CONFIGURATION r^ 



DSiC 


1 




24 


Dvcc 


mdC 


2 




23 


3 INT 


Dli C 


3 




22 


3di8 


DOiC 


4 




21 


Ddos 


DI2C 


5 




20 


DDI7 


DO2C 


6 


mpb 


19 


3D07 


DI3C 


7 


8212 


18 


3 Dig 


DO3C 


8 




17 


3 DOe 


DI4C 


9 




16 


3 DI5 


DO4C: 


10 




15 


DD05 


STB C 


11 




14 


3 CLR 


gndC 


12 




13 


3DS2 





PIN NAMES 


DI1 -Dig 


Data In 


DO1 - DOs 


Data Out 


DSi,DS2 


Device Select 


MD 


Mode 


STB 


Strobe 


INT 


Interrupt (Active Low) 


CLR 


Clear (Active Low) 
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SERVICE REQUEST FF 



DEVICE SELECTION 



d> 



© 



,0- 



o<, ®- 



\ 




^n 



^^^^ — @ ' 



r 



(I>- 



(z>- 



I ,., 



ay 



DI5 0- 



®- 



' ^ 



^ (§)- 



^(i>- 



RESET DRIVER 



->^ 



(ACTIVE LOW) 






"n 



D Q — r-n>H — © °°8 



L. 



BLOCK DIAGRAM 



STB 


MD 


(DSi • DS2) 


DATA OUT 
EQUALS 




CLR 


(DSi • DS2) 


STB 


SR® 


INT 











1 


1 











Three-State 





1 





1 





1 








Three-State 










(D 


Q> 





1 





Data Latch 


1 


"^^ 





1 


1 


1 


1 





Data Latch 








1 


Data Latch 







\- 








1 





1 


Data In 




1 





1 








1 


1 


Data In 




1 


■\ 








1 


1 


1 


Data In 















Notes ® CLR resets data latch sets SR flip-flop (No effect on output buffer) 
© Internal SR flip-flop 
@ Previous data remains 



Operating Temperature C to +70 C 

Storage Temperature — 65°C to +150°C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1.0 to +5.5 Volts 

Output Currents 125 mA 

Ta = 25°C 

*COMMENT Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 
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DC CHARACTERISTICS Ta-t)°cto7o°c.vcc = -5vt5% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


MAX 


Input Load Current STB, DS2, 
CLR, DI1 - DIs Inputs 


IIL1 




-0 25 


mA 


Vf = 45V 


Input Load Current MD Input 


IIL2 




-0 75 


mA 


Vf = 45V 


Input Load Current DSi Input 


IIL3 




-1 


mA 


Vf = 45V 


Input Leakage Current STB 
DS, CLR, DI1 - DIs Inputs 


IIH1 




10 


mA 


Vr = 5 25V 


Input Leakage Current MD 
Input 


IIH2 




30 


^A 


Vr = 5 25V 


Input Leakage Current DSi 
Input 


IIH3 




40 


UlA 


Vr = 5 25V 


Input Forward Voltage Clamp 


vc 




-1 


V 


IC = -5mA 


Input "Low" Voltage 


V|L 




85 


V 




Input "High" Voltage 


VjH 


20 




V 




Output "Low" Voltage 


Vol 




48 


V 


l0L= 15mA 


Output "High" Voltage 


VOH 


3 65 




V 


IQH = -1 mA 


Short Circuit Output Current 


I05 


-15 


-75 


mA 


Vo = OV Vcc = 5V 


Output Leakage Current High 
Impedance State DOq - DOs 


lO 




20 


mA 


Vo = 45V/5 25V 


Power Supply Current 


Ice 




130 


mA 





CAPACITANCE ® 



Ta = 25°C;Vcc = +5V;VBIAS = 


2.5V; 


f = 1 MHz 




PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


MAX 


Input Capacitance 


C|N 




12 


pF 


DSi,MD 


Input Capacitance 


CjN 




9 


pF 


DS2, CLR,STB, Dh-Dls 


Output Capacitance 


COUT 




12 


pF 


DO1 - DCs 



Note- ® This parameter is periodically sampled and not 100% tested 



AC CHARACTERISTICS Ta = 0°C to +70°C, Vqc = +5V ± 5% 




PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


MAX 


Pulse Width 


tpw 


30 




ns 


Input Pulse 
Amplitude = 2.5V 

Input Rise and Fall 
Times = 5 ns 

Between IV and 2V 
Measurement made 
at 1.5V with 15 mA 


Data To Output Delay 


tpd 




30 


ns 


Write Enable To Output Delay 


twe 




40 


ns 


Data Setup Time 


tset 


15 




ns 


Data Hold Time 


th 


20 




ns 


Reset to Output Delay 


tr 




40 


ns 


Set To Output Delay 


ts 




30 


ns 


Output Enable/Disable Time 


te/td 




45 


ns 


.^ I Te*;! Load 


Clear To Output Delay 


tc 




55 


ns 





Notes: Ri = 300r2/10Ka, R2 = 60012/1 K12 
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Data Latch FUNCTIONAL DESCRIPTION 

The 8 flip-flops that compose the data latch are of a "D" type design. The output (Q) 

of the flip-flop follows the data input (D) while the clock input (C) is high. Latching 

occurs when the clock (C) returns low. 

The data latch is cleared by an asynchronous reset input (CLR). 

(Note. Clock (C) Overrides Reset (CLR).) 

Output Buffer 

The outputs of the data latch (0) are connected to three-state, non-inverting output 
buffers. These buffers have a common control line (EN); enabling the buffer to trans- 
mit the data from the outputs of the data latch (Q) or disabling the buffer, forcing the 
output into a high impedance state (three-state). 

This high-impedance state allows the designer to connect the iuPB8212 directly to the 
microprocessor bi-directional data bus. 

Control Logic 

The /iPB8212 has four control inputs: DSi, DS2, MD and STB. These inputs are 
employed to control device selection, data latching, output buffer state and the 
service request flip-flop. 

DSi, DS2 (Device Select) 

These two inputs are employed for device selection. When DSi 's low and DS2 is high 
(DS-j • DS2) the device is selected. In the selected state the output buffer is enabled and 
the service request flip-flop (SR) is asynchronously set. 

Service Request Flip-Flop (SR) 

The (SR) flip-flop is employed to generate and control interrupts in microcomputer 
systems. It is asynchronously set by the CLR input (active low). When the (SR) flip- 
flop is set It is in the non-interrupting state. 

The output (0) of the (SR) flip-flop is connected to an inverting input of a "NOR" 
gate. The other input of the "NOR" gate is non-inverting and is connected to the 
device selection logic (DSi • DS2)- The output of the "NOR" gate (INT) is active 
low (interrupting state) for connection to active low input priority generating circuits. 

MD (Mode) 

This input is employed to control the state of the output buffer and to determine the 
source of the clock input (C) to the data latch. 

When MD is in the output mode (high) the output buffers are enabled and the source 
of clock (C) to the data latch is from the device selection logic (DSi * DS2). 
When MD is in the input mode (low) the output buffer state is determined by the 
device selection logic (DSi ' ^^2) and the source of clock (C) to the data latch is 
the STB (Strobe) input 

STB (Strobe) 

STB IS employed as the clock (C) to the data latch for the input mode (MD = 0) and 

to synchronously reset the service request flip-flop (SR). 

Note that the SR flip-flop triggers on the negative edge of STB which overrides CLR. 
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TIMING WAVEFORMS 



fiPB8212 



TO 



D.U.T^ 



® 30 pF 



X 



Note: Including Jig and Probe Capacitance 
TEST CIRCUIT 



DATA 


._:-iC 


h— 


-'PW l-^.H-J 




STB or DSi DSj 


C 






OUTPUT 

OS, DSj 
OUTPUT 


~J^ 


f- 


I— .0— < 


5V 

t 


CLR 


1^ — 


.™-H 


5V 






«c *^| 




DO 




\" 












DATA 


--^ 




^"" 












STB or DS, DS2 
OUTPUT 

STB 


■^tpD 


1 5V 












iNiT 

Note Alternative Test Load 


Ly 
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Package Outlines 

For information, see Pacitage Outline Section 7. 

Plastic, |jiPB8212C 
Cerdip, ^PB8212D 



821 2DS-REV2-1 2-81 -CAT 
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fiPB8216 
/iPB8226 



4-BIT PARALLEL BIDIRECTIONAL 
BUS DRIVER 



DESCR IPTION All inputs are low power TTL compatible. For driving MOS, the DO outputs provide 
a high 3.65V (Vqih)* ^^d for high capacitance terminated bus structures, the DB 
outputs provide a high 55 mA (Iol) capability. 



FEATURES • Data Bus Buffer Driver forjuCOM-S Microprocessor Family 

• Low Input Load Current - 0.25 mA Maximum 

• High Output Drive Capability for Driving System Data Bus 

• 3.65V Output High Voltage for* Direct Interface to mCOM-8 Microprocessor 
Family 

• Three State Outputs 

• Reduces System Package Count 

• Available in 16-pin packages: Cerdip and Plastic 



PIN CONFIGURATION 







PIN NAMES 


OBo DB3 


Data Bus Bi Directional 


OlQ - DI3 


Data Input 


DOo - DO3 


Data Output 


DIEN 


Data in Enable Direction Control 


CS 


Chip Select 
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Microprocessors like the ^PD8080A are MOS devices and are generally capable of 
driving a single TTL load. This also applies to MOS memory devices. This type of drive 
is sufficient for small systems with a few components, but often it is necessary to 
buffer the microprocessor and memories when adding components or expanding to a 
multi-board system. 

The iuPD821 6/8226 is a four bit bi-directional bus driver specifically designed to buffer 
microcomputer system components. 



FUNCTIONAL 
DESCRIPTION 



Bi-Directional Driver 

Each buffered line of the four bit driver consists of two separate buffers. They are 
three state in nature to achieve direct bus interface and bi-directional capability. On 
one side of the driver the output of one buffer and the input of another are tied 
together (DB), this is used to interface to the system side components such as mem- 
ories, I/O, etc. Its interface is directly TTL compatible and it has high drive (55 mA). 
For maximum flexibility on the other side of the driver the inputs and outputs are 
separate. They can be tied together so that the driver can be used to buffer a true 
bi-directional bus such as the 8080A Data Bus. The DO outputs on this side of the 
driver have a special high voltage output drive capability (3.65V) so that direct inter- 
face to the 8080A processor is achieved with an adequate amount of noise immunity 
(650 mV worst case). 

Control Gating CS, DIEN 

The OS input is used for device selection. When CS is "high" the output drivers are 
all forced to their high-impedance state. When it is "low" the device is selected 
(enabled) and the data flow direction Is determined by the DIEN input. 

The DIEN input controls the data flow direction (see Block'Diagrams for complete 
truth table). This directional control is accomplished by forcing one of the pair of 
buffers to its high impedance state. This allows the other to transmit its data. This is 
accomplished by a simple two gate circuit. 

The jLiPB82 16/8226 is a device that will reduce component count in microcomputer 
systems and at the same time enhance noise immunity to assure reliable, high 
performance operation. 



D'nO- 



DOqC^- 
DLO- 



DO^O- 
DLO- 



DO^O- 



DOoO- 



8216 



-=3^ 



^^■ 



•=3h 



-=^ 



DIENO % » 



-ODB, 



-ODB^ 



-OCS 



DI„o- 



DO.o- 



D0,O- 



DLO- 



DI3O- 



DO-3O- 



DIENO- 



8226 



^ 



-^ 



^ 



^^ 



^'■ 



3^ 



^■ 



-^ 



g_P 



-ODB, 



-ODB^ 



BLOCK DIAGRAMS 



DIEN 


CS 


RESULT 








Dl -DB 


1 





DB -DO 





1 


\High Impedance 


1 


1 
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AbSOLUTE MAXIMUM Operating Temperature 0°C to 70°C 

RATINGS* Storage Temperature _65°C to +150°C 

All Output and Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1.0 to +5.5 Volts 

Output Currents 125 mA 



Ta = 25 C 

*COMMENT' Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS 



CAPACITANCE ® 



Ta = O^'C to +70"C, Vqc 


- +5V' 


3% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


Typ(T) 


MAX 


Input Load Cut rent 
DieN. CS 


IFI 






-0 5 


mA 


Vf =045 


Input Load Current All 
Other Inputs 


IF2 






-0 25* 


mA 


Vf = 45 


Input Leakage Current 
DItN.CS 


"R1 






20 


ma 


Vr =5 25V 


Input Leakage Cuirent 
Dl Inputs 


|R2 






10 


/iA 


Vr = 5 25V 


Input Forward Voltage 
Clamp 


vc 






-1 


V 


IC = -5 mA 


Input "Low" Voltage 


V|L 






95 


V 




Input "High" Voltage 


V|H 


20 






V 




Output Leakage Curient 
(3 State) 


DO 


lO 






20 


mA 


Vo = 45/5 25V 


DB 


lO 






100 


Power Supply Current 


8216 


'CC 






130 


mA 




8226 


Ice 






120 


mA 




Output "Low" Voltage 


VOLI 






0.48 


V 


DO Outputs loL= 15 mA 
DB Outputs IqL = 25 mA 


Output "Low" Voltage 


8216 


V0L2 






07 


V 


DB Outputs iQL = 55 mA 


8226 


V0L2 






07 


V 


DB Outputs IqH = 50 mA 


Output "High" Voltage 


VOHI 


3 65 






V 


DO Outputs Iqh = -1 mA 


Output "High" Voltage 


V0H2 


24 






V 


DB Outputs Iqh ^ "lO rnA 


Output Short Circuit 


los 


-15 




-65 


mA 


DO Outputs Vo = OV 


Current 




lOS 


-30 




-120 


mA 


DB Outputs Vcc = 5 OV 



Note (3) Typical values are for Tg = 25" C, Vqc = 5 OV 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


CjN 






8 


pF 


VbIAS = 2.5V 
Vcc = 5V 
Ta = 25°C 

f = 1 MHz 


Output Capacitance 


COUTI 






10® 


pF 


Output Capacitance 


C0UT2 






18® 


pF 



Notes: © This parameter is not 100% tested. 
® DO Output. 
@ DB Output. 
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Tg = 0°C to +70°C, Vcc 


= +5V±5% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYPCl) 


MAX 


Input to Output Delay 
DO Outputs 




tPDI 






25 


ns 


Cl = 30pF, Ri =300S2, 
R2 = 600J:2 ® 


Input to Output Delay 
DB Outputs 


8216 


tPD2 






30 


ns 


CL = 300pF,Ri = 90S2, 
R2= 180^2 4 


8226 


tPD2 






25 


ns 


Output Enable Time 


8216 


tE 






65 


ns 


(D ® 


8226 


tE 






54 


ns 


Output Disable Time 




tD 






35 


ns 


0) ® 



AC CHARACTERISTICS 



Notes ® Typical values are for Tg = 25°C, Vcc = 5 OV 

Q) DO Outputs, Cl = 30 pF, Ri = 300/10 KC, R2 = 600/1 K12, 

DB Outputs, Cl = 300 pF, R^ = 90/10 KO, R2 = 180/1 K^ 
(3) DO Outputs, Cl = 5pF, Ri = 300/10 KQ, R2 = 600/1 K^, 

DB Outputs, Cl = 5 pF, R^ = 90/10 K^. R2 = 180/1 Kfi 
(D Input pulse amplitude 2 SV 

Input rise and fall times of 5 ns between 1 and 2 volts 

Output loading is 5 mA and 10 pF 

Speed measurements are made at 1 5 volt levels 



TEST CIRCUIT 



OUTPUT 
ENABLE 



^ 



^-tpo-* 



X 



1 5V 



K 



^-i 




TIMING WAVEFORMS 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, ^jlPB8216C/26C 
Cerdip, |xPB8216D/26D 



8261 /8226DS-R EV3-1 2-81 -CAT 
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MPD8237A.5 

HIGH PERFORMANCE 

PROGRAMMABLE DMA CONTROLLER 



Description 

The fiPD8237A-5 High Performance DMA Controller is a 
peripheral interface circuit for microprocessor systems. 
It is designed to Improve system performance by allow- 
ing external devices to directly transfer information to or 
from the system memory. Memory-to-memory transfer 
capability is also provided. The ^PD8237A-5 offers a 
wide variety of programmable control features to 
enhance data throughput and allow dynamic recon- 
figuration under program control. 

The ^PD8237A-5 Is designed to be used with an external 
8-bit address register such as the 8282. It contains four 
independent channels and may be expanded to any 
number of channels by cascading additional controller 
chips. 

The three basic transfer modes allow the user to pro- 
gram the types of DMA service. Each channel can be 
individually programmed to Autoinitialize to its original 
condition following an End of Process (EOP). 
Each channel has a full 64K byte address and word 
count capability. 
Features 

D Memory-to-memory transfers 
D Memory block Initialization 
P Address increment or decrement 
D Four independent DMA channels 
D Multiple transfer modes: block, demand, single word, 

cascade 
D Independent Autoinltialization of all channels 
D Enable/Disable control of individual DMA requests 
n Independent polarity control for DREQ and DACK 

signals 
D End of Process input for terminating transfers 
D Software DMA requests 
D High performance: transfers up to 1 .6 M-bytes/ 

second 
D Directly expandable to any number of channels 
n 40-pin plastic or ceramic DIP 

Pin Configuration 



Pin identification 



Symbol 



Function 



In Idle state, I/OR is an input control line used 
by the CPU to read control regist ers. In Active 
state, the^PD8237A-5 uses I/OR as an output 
control signal to access data from a peripheral 
during a DMA Write 



In Idle state, the CPU uses l/OW as an input 
control signal to load Information to the 
MPD8237A-5. In Active state, theA<PD8237A-5 
uses l/OW as an output control signal to load 
data to a peripheral during a DMA Read. 
The rising edge of WR must follow each data 
byte transfer in order for t he C PU to write to 
the M PD8237A-5. Holding l/OW low while tog- 
gling OS does not produce the same effect. 



3 


MEMR 


OUT 


location during memory-to-peripheral or 
memory-to-memory transfers 


4 


MEMW 


OUT 


MEMW writes data to a specified memory loca- 
tion during peripheral-to-memory or memory-to- 
memory transfers. 


5 




IN 


Pin 5 IS always tied high. 


6 


READY 


IN 


The READY signal can extend memory read and 
write pulses for slow memories or I/O 
peripherals. 


7 


HLDA 


IN 


HLDA indicates that the CPU has relinquished 
control of the system buses 


8 


ADDSTB 


OUT 


This signal strobes the upper address byte from 
Dg-Dy into an external latch 



This signal allows the external latch to output 
the upper address byte by disabling the system 
bus during DMA cycles. You should use HLDA 
and AEN to deselect I/O peripherals that may be 
erroneously accessed during DMA transfers 
The ^PD8237A-5 deselects itself during DMA 
transfers. 



This signal requests control of the system bus. 
The MPD8237A-5 issues this signal in response 
to software requests or DRQ inputs from 
peripherals. ^__ 




The CPU uses CS to select the )iPD8237A-5 as 
an I/O device during an I/O Read or Write by 
the CPU. This provides CPU communication on 
the data bus. CS may be held low during multi- 
pl e tran sfe rs to or from the fiPD8237A-5 as long 
as I/OR or i/OW is toggled following each 
transfer. 



Controls internal operations and data transfer 
rate. 



13 RESET 



Clears the Command, Status, Request, and 
Temporary registers, the first/last flip/flop, and 
sets the Mask register. The |uPD8237A-5 is in 
Idle state after a Reset. 



14, 15 DACKq- 

24, 25 DACKo 



I/OR C 


1 


v-y 


40 


:3a7 


l/OW C 


2 




39 


3 A6 


MEMR C 


3 




38 


3 A5 


MEMW C 


4 




37 


3 A4 


C 


5 




36 


3 EOP 


READY C 


6 




35 


nA3 


HLDA C 


7 




34 


3 A2 


ADDSTB C 


8 




33 


D Ai 


AEN C 


9 


m 


32 


D Ao 


HRQ C 


10 


^ 


31 


3 VCC 


CSC 


11 


y 


30 


DDo 


CLK C 


12 


Q 


29 


:]Di 


RESET C 


13 


1 


28 


DD2 


DACK2 C 


14 




27 


3 D3 


DACK3 C 


15 




26 


^D4 


DRQ3 C 


16 




25 


3 DACKo 


DRQ2 C 


17 




24 


□ DACKi 


DRQ1 C 


18 




23 


DD5 


DRQo C 


19 




22 


DD6 


GND C 


20 




21 


=1D7 



These lines indicate an active channel. They 
are sometimes used to select a peripheral. Only 
one DACK may be active at any time. All DACK 
ijnes are inactive unless DMA has control of the 
bus. You may program the polarity of these 
lines, however, Reset initializes them to active 
low. 



16-19 DRQ0-DRQ3 



These are asynchronous channel request inputs 
used by peripherals to request DMA service. In 
a Fixed Priority scheme, DRQg has the highest 
priority and DRQ3 has the lowest. You may pro- 
gram the polarity of these lines; however. Reset 
initializes them to active high. 



Ground. 



21-23, Dg-Dy 

26-30 



During an I/O Read, the CPU enables these 
lines a$ outputs, allowing It to read an Address 
register, a Word Count register, or the Status or 
Temporary register. During an I/O Write, these 
lines are enabled as inputs, allowing the CPU to 
program the mPD8237A-5 control registers. Dur- 
ing DMA cycles, the eight MSBs of the address 
are output to the c|ata bus to be strobed to an 
external latch yja ADDSTB. 



Rev/1. 



Power Supply. 
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Function 



A0-A3 



During DMA Idle states, these lines are inputs; 
allowing the CPU to load or examine control 
registers. During DMA Active states, these lines 
are outputs that provide the 4 LSB of the out- 
put address. 



EOP signals that DMA service has been com- 
pleted. When the word count of a chan nel 
becomcis zero, the /iPD8237A-5 pulses EOP 
low to notify the peripheral that DMA serv ice 
is complete. The peripheral may pull EOP low 
to prematurely en d DMA service. Internal or 
external receipt of EOP causes the currently 
active channel to end service, set its TC bit in 
the Status register, and reset its request bit. If 
the channel is programmed for Autoinitializa- 
tion, the current registers are updated from 
the base registers. Otherwise, the channel's 
mask bit is set and the contents of the register 
are unaltered. 

EOP is output when TC for channel 1 occu rs 
during memory-to-memory transfers. EOP 
applies to the channel with an active DACK. 
When DACK0-DACK3 are inactive, external 
EOPs are ignored. 

It is recommended that you use an external 
pullup resistor of 3.3kQ or 4.7kQ. This pin can- 
not s|nk the current passed by a IkQ pullup. 



A4-A7 



These lines are outputs that provide the four 
LSB of the address. These Im^s are active 
only during DMA service. 



Functional Description 

The jL(PD8237A-5 has three basic control logic blocks, 
as shown in the block diagram. The Command Control 
block decodes commands issued by the CPU to the 
jL<PD8237A-5 before DMA requests are serviced. It also 
decodes the Mode Control word of each channel. The 
Timing Control block generates the external control 
signals and the internal timing. The Priority Encoder 
block settles priority contentions among channels 
simultaneously requesting service. 
DMA Operation 

The MPD8237A-5 operates in two states: Idle and Active. 
Each of these is made up of several smaller states 
equal to one clock cycle. The inactive state, S1 , is 
entered when there are no pending DMA requests. The 
controller is inactive in S1 , but the CPU may program it. 
SO is the initial state for DMA service; the mPD8237A-5 
requests a hold, but the CPU has not acknowledged. 
Transfers may begin upon acknowledgement from the 
CPU. The normal working states of DMA service are 



S1 , S2, S3, and S4. If more time is needed for a 
transfer, a wait state, SW, can be inserted using the 
READY line. 

A memory-to-memory transfer requires read-from- 
memory and write-to-memory operations. The states 
S11, S12, S13, and S14 provide the read-from opera- 
tion. S21, S22, S23, and S24 provide the write-to part 
of the transfer. The byte is stored in the Temporary 
register between operations. 

Idle State 

When there are no pending service requests, the 
^PD8237A-5 is Ijvthe Idle state; more specifically, in S1. 
DRQ lines and CS are sampled to determine requests 
for DMA service and CPU attempts to inspect or modify 
the registers of the |:iPD8237A-5, respectively. The CPU 
can read or write to the registers when CS and HLDA 
are low. A0-A3 are used as inputs to the |i PD8 237A 
and select the registers affected. The I/OR and l/OW 
lines select and time the reads and writes. An internal 
flip-flop generates an additional address bit which 
determines the upper or lower byte of the Address and 
Word Count registers. This flip-flop can be reset by 
master Clear, Reset, or a software command. 
When CS and HLDA are low (Program Phase), the 
mPD8237A-5 c an exe cute special software commands. 
When CS and l/OW are active, the commands are 
decoded as addresses and do not use the data bus. 

Active State 

When a channel requests service while the ^PD8237A-5 
is in Idle state, the fiPD8237A-5 outputs an HRQ to the 
CPU and enters the Active state. DMA service takes 
place in the Active state, in one of the four modes 
described below. 
Byte Transfer Mode 

In this mode, a one-byte transfer is made during each 
HRQ/HLDA handshake. HRQ goes active when DRQ 
goes active. The CPU responds by making HLDA active, 
and the one-byte transfer takes place. After the trans- 
fer, HRQ goes inactive, the word count is decremented, 
and the address is incremented or decremented. If the 
word count goes to zero, a Terminal Count (TC) causes 
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an Autoinitialize if the channel has been programmed 
for it. 

DRQ is held active only until the corresponding DACK 
goes active when a single transfer is performed. If DRQ 
is held active for a longer period, HRQ will become 
inactive after each transfer, become active again, and a 
one-byte transfer will be made after each rising edge of 
HLDA. This assures a full machine cycle between DMA 
transfers in 8080A/8085A systems. Timing between the 
/iPD8237A-5 and other bus control protocols depends 
on the CPU being used. 

Block Transfer Mode 

In this mode, the jl(PD8237A-5 makes transfers until it 
encounters a TC or an external EOP. Hold DRQ active 
only until DACK goes active. The channel will Autoini- 
tialize at the end of the DMA service if it has been pro- 
grammed to do so. 
Demand Transfer Mode 

In this mode, the ^PD8237A-5 makes transfers until It 
encounters a TC or an external EOP, or until DRQ 
becomes inactive. This allows the device requesting 
service to stop the transfers by sending DRQ Inactive. 
The device can resume service by making DRQ active. 
The Current Address and Current Word Count registers 
may be examined during the time between services 
when the CPU is allowed to opera te. Autoinitialization 
can occur only after a TC or EOP at the end of the 
DMA service. After an Autoinitialization, there must be 
an active-going DRQ edge to begin new DMA service. 

Cascade Mode 

In this mode, you can expand your system by cascad- 
ing several jl(PD8237A-5s together. Connect the HLDA 
and HRQ signals from the additional /iPD8237A-5s to 
the DRQ and DACK signals of a channel of the Initial 
/4PD8237A-5. This scheme allows the additional devices 
to send the DMA requests through the priority resolu- 
tion circuitry of the preceding device, preserving the 
priority chain and forcing the device to wait its turn to 
acknowledge requests. The cascade channel In the ini- 
tial device does not output any address or control 
signals because its only function is that of assigning 
priorities. The mPD8237A-5 responds to DRQ with 
DACK, but all outputs except HRQ are disabled. 
The following figure shows two jl(PD8237A-5s cascaded 
Into two channels of another one, forming a two-level 
DMA system. You could add more devices at the sec- 
ond level by using the leftover channels of the first 
level; likewise, you could add more devices to form a 
third level by cascading into the channels of the second 
level. 

Transfers 

There are three types of transfers that can be performed 
by the three active transfer mo des: Re ad, Write, and 
Verify. Read transfers activate MEMR and l/OW to 
move m emor y dat a to an I/O device. Write transfers 
activate I/OR and MEMW to move data from an I/O 
device to memory. Verify transfers are not really trans- 
fers; the jL(PD8237A-5 goes through the motions of a 
transfer but the memory and I/O lines are not active. 
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Memory-to-Memory Transfers 

Use Block Transfer mode for memory-to-memory trans- 
fers. Mask out channels and 1, and initialize the 
channel word count to the same value as channel 1 . 
Setting bit CO of the command register to 1 makes 
channels and 1 operate as memory-to-memory trans- 
fer channels. Channel is the source address, channel 
1 is the destination address, and the channel 1 word 
count is used. Initiate the memory-to-memory transfer 
by setting a DMA request for channel 0. You can write 
a single source word to a block of memory when chan- 
nel is programmed for a fixed s ource address. The 
)L<PD8237A-5 responds to external EOP signals during 
these transfers, but no DACK outputs are active. The 
EOP input may be used by data comparators doing 
block searches to end service when a match is found. 

Autoinitialization 

A channel may be set for Autoinitialize by programming 
a bit in the Mode register. Autoinitialize restores the 
original values of the Current Address and Current 
Word Count registers from the Initial Address and Initial 
Word Count registers of that channel. The CPU loads 
the Current and Initial registers simult aneo usly and they 
are unchanged through DMA service. EOP does not set 
the mask bit when the channel is in Autoinitialize. The 
channel can repeat its service following Autoinitialize 
without CPU intervention. 
Priority Resolution 

Two software-selectable priority resolution schemes are 
available on the jl(PD8237A-5: Fixed Priority and Rotat- 
ing Priority. In the Fixed Priority scheme, priority is 
assigned by the value of the channel number. Channel 
3 is the lowest priority and channel is the highest 
priority. 

In the Rotating Priority scheme, the channel that was 
just serviced assumes the lowest priority and the other 
channels move up accordingly. This guarantees that a 
device requesting service can be acknowledged after 
no more than three other devices have been serviced, 
preventing any channel from monopolizing the system. 




Highest 



—Service. 
-Request ^ 
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The highest priority channel is selected on each active- 
going HLDA edge. Once service to a channel begins, it 
cannot be interrupted by a request from a higher prior- 
ity channel. A higher priority channel gets control only 
when the lower priority channel releases HRQ. The 
CPU gets bus control when control passes from chan- 
nel to channel, ensuring that a rising HLDA edge can 
be generated to select the new highest priority request. 

Transfer Timing 

You can cut transfer timing, if the system allows, by 
compressing the transfer time to two clock periods. 
Since state 3 (S3) extends the access time for the read 
pulse, you can eliminate S3, making the width of the 
read pulse equal to the write pulse. A transfer is then 
made up of S2 to change the address and S4 to per- 
form the read or write. When the address lines A8-A15 
need to be updated, Si states occur. 

Generating Addresses 

The eight MSBs of the address are multiplexed on the 
data lines. These bits are output to an external latch 
during Si, after which they can be placed on the 
address bus. The falling edge of ADDSTB loads the bits 
from the data lines to the latch. AEN places the bits on 
the address bus. The eight LSBs of the address are 
directly output on lines Aq-Aj. Connect Aq^-A/ to the 
address bus. 

Sequential addresses are generated during Block and 
Demand Transfer mode operations because they include 
several transfers. Often, data in the external address 
latch does not change; it changes only when a carry or 
borrow from Ay to As occurs in the sequence of 
addresses. S1 states are executed only when A8-A15 
need to be updated. In the course of lengthy transfers, 
S1 states may be executed only once every 256 
transfers. 
Registers 

The following chart summarizes the registers of the 
iL(PD8237A-5. 



Register 



Bits 



Current Address registers (4) 16 

Current Word Count registers (4) 16 

Initial Address registers (4) 16 

Initial Word Count registers (4) 16 

Command register 8 

Mode registers (4) 6 

Request register 4 

Mask register 4 

Status register 8 

Temporary register 8 

Temporary Address register 16 

Temporary Word Count register 16 

Current Address Register 

There is a Current Address register for each channel. 
This register holds the address used for DMA transfers; 
the address is incremented or decremented after each 
transfer and the intermediate values are stored here 
during the transfer. The CPU writes or reads this regis- 
ter in 8-bit bytes. An Autoinitialize restores this register 
to its initial value. 



Current Word Count Register 

There is a Current Word Count register for each chan- 
nel. Program this register with the value of the number 
of words to be transferred, minus one. The word count 
is decremented after each transfer and intermediate 
values are stored in this register during the transfer. A 
TC is generated when the word count is zero. The CPU 
writes or reads this register in 8-bit bytes during Pro- 
gram Phase. An Autoinitialize restores this r egiste r to 
its initial value. After an internally generated EOP, the 
contents of this register will be FFFFH. 

Initial Address and Initial Word Count Registers 

There is an Initial Address register and an Initial Word 
Count register for each channel. The initial values of 
the associated Current registers are stored In these reg- 
isters. The values in these registers are used to restore 
the Current registers at Autoinitialize. During DMA pro- 
gramming, the CPU writes the Initial registers and the 
corresponding Current registers at the same time, in 
8-blt bytes. Intermediate values in the Current registers 
are overwritten if you write to the Initial registers while 
the Current registers contain intermediate values. The 
CPU cannot read the Initial registers. 



Signals Internal 


Flip- 
Channel Operation CS I/OR l/OW A3 A2 A^ Aq Flop D0-D7 


Initial & Current 1 A0-A7 
Address Write 1 1 Ag-A^g 


Current 10 A0-A7 
Address Read 10 1 Ag-Afg 


Initial & Current 1 1 WQ-Wy 
Word Count Write 1 1 1 Wg-W^s 


Current 10 1 WQ-Wy 
Word Count Read 10 1 1 Wg-W^s 


1 Initial & Current 1 10 A0-A7 
Address Write 1 10 1 Ag-A^g 


Current 1 1 Ag-Ay 
Address Read 10 10 1 Ag-A-ig 


Initial & Current 1 11 WQ-Wy 
Word Count Write 10 11 1 Wg-W^g 


Current 10 11 Wg-Wy 
Word Count Read 10 11 1 Wg-W^g 


2 Initial & Current 1 10 Aq-Aj 
Address Write 1 10 1 Ag-A^g 


Current 10 10 Ag-Ay 
Address Read 10 10 1 Ag-Aig 


Initial & Current 10 10 1 Wg-Wy 
Word Count Write 10 10 1 1 Wg-Wig 


Current 10 10 1 WQ-Wy 
Word Count Read 10 10 1 1 Wg-W^g 


3 Initial & Current 1 110 Ag-Ay 
Address Write 1 110 1 Ag-Aig 


Current 10 110 Ag-Ay 
Address Read 10 110 1 Ag-A^g 


Initial & Current 10 111 Wg-Wy 
Word Count Write 10 111 1 Wg-W^g 


Current 1 111 Wg-Wy 
Word Count Read 10 111 1 Wg-W^g 



Word Count and Address Register Command Codes 
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Command Register 

The CPU programs this register during Program Phase. 
The register can be cleared with Reset. 



1 1 1 1 1 M M 




' 1 












( 



Memory-to-memory disable 

1 Memory-to-memory enable 

Channel address hold disable 

1 Channel address hold enable 
X If bit = 

Controller enable 

1 Controller disable 

Normal Timing 

1 Compressed Timing 
X If bit =1 

Fixed Priority 

1 Rotating Priority 

Late write 

1 Extended write 
X If bit 3 = 1 



DRQ active high 

1 DRQ active low 



OACK active low 

1 DACK active high 



Mode Register 

There is a Mode register associated with each channel. 
When the CPU writes to this register during the Pro- 
gram Phase, bits and 1 determine on which channel 
Mode register the operation is performed. 



n 



00 Channel 

01 Channel 1 

10 Channel 2 

1 1 Channel 3 

00 Venfy transfer 

01 Write transfer 

1 Read transfer 

11 Illegal 

XX If bits 6 and 7 = 11 

Disable autoinitialize 

1 Enable autoinitialize 



Address increment 

1 Address decrement 

00 Demand mode 

01 Single mode 

10 Block mode 

1 1 Cascade mode 



00 Channel 

01 Channel 1 

10 Channel 2 

1 1 Channel 3 



Reset request bit 

1 Set request bit 



l\/lasl( Register 

There is a mask bit for each channel which can disable 
an incoming DRQ. If the channel is not set for Autoini- 
tial ize, e ach mask bit is set when its channel produces 
an EOP. Each bit can be set or cleared under software 
control. Reset clears the register. This disallows DMA 
requests until they are permitted by a Clear Mask 
Register instruction. 



I I I I 11 .1 [ 



00 Channel mask bit 

01 Channel 1 mask bit 

10 Channel 2 mask bit 

1 1 Channel 3 mask bit 

Clear mask bit 

1 Set mask bit 



You may also write all four bits of the Mask register 
with a single command. 



7 6 5 4 



U 



Clear Channel mask bit 

1 Set Channel mask bit 



Clear Channel 1 mask bit 

1 Set Channel 1 mask bit 



Clear Channel 2 mask bit 

1 Set Channel 2 mask bit 



Clear Channel 3 mask bit 

1 Set Channel 3 mask bit 




Status Register 

The Status register indicates which channels have 
made DMA requests and which channels have reached 
TC. Each time a channel reaches TC, including after 
Autoinitialization, bits 0-3 are set. Status Read and 
Reset clear these bits. Bits 4-7 are set when a channel 
is requesting service. The CPU can read the Status 
register. 



Request Register 

This register allows the mPD8237A-5 to respond to DMA 
requests from software as well as hardware. There is a 
bit pattern for each channel In the Request register. 
These bits can be prioritized by the Priority Resolving 
circuitry and are not maskable. Each bit is set or reset 
under software control or cleared when TC or an external 
EOP is generated. A Reset clears the entire register. 
The correct data word is loaded by software to set or 
reset a bit. 

Software requests receive service only when the chan- 
nel Is in Block mode. The software request for channel 
should be set at the beginning of a memory-to-memory 
transfer. 



n 



L, 



Channel TC 
1 Channel 1 TC 
1 Channel 2 TC 
1 Channel 3 TC 

1 Channel DMA request 
1 Channel 1 DMA request 
1 Channel 2 DMA request 
1 Channel 3 DMA request 



Temporary Register 

The Temporary register holds data during memory-to- 
memory transfers. The CPU can read the last word 
moved when the transfer is complete. This register 
always contains the last byte transferred in a memory- 
to-memory transfer unless cleared by a Reset. 
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Software Commands 

There are two software commands that can be exe- 
cuted in the Program Phase. These commands are inde- 
pendent of data on the data bus. 
Clear First/Last Flip-Flop 

You may issue this command before reading or writing 
any word count or address information. It allows the 
CPU to access registers, addressing upper and lower 
bytes correctly, by initializing the flip-flop to an iden- 
tifiable state. 
Master Clear 

This command produces the same effect as Reset. It 
clears the Command, Status, Request, Temporary, and 
Internal First/Last Flip-Flop registers, sets the Mask reg- 
ister, and causes the jLiPD8237A-5 to enter Idle state. 

The following chart illustrates address codes for the 
software commands. 



Ao 



Operation 



1 Read Status register 

1 Write to Command register 

11 Write to Request register 

10 1 Write a IUIasl( register bit 

111 Write to IMode register 

1 Clear byte pointer flip-flop 

10 1 Read Temporary register 

Oil Master Clear 

111 Write all Mask register bits 

10 1 Clear Mask register 
All other bit combinations are illegal. 

Application Exampie 

The following diagram shows an application using the 
iL(PD8237A-5 with an 8088. The iLtPD8237A-5 sends a 
hold request to the CPU whenever there is a valid DMA 
request from a peripheral device. The j[iPD8237A-5 
takes control of the Address, Data, and Control buses 
when the CPU replies with an HLDA signal. The 
address for the first transfer appears in two bytes: the 
eight LSBs are output on A0-A7 and the eight MSBs 
are output on the data bus pins. The contents of the 

Handshake with Device 
Requesting Service 




data bus pins are latched to the 8282 to make up the 
16 bits of the address bus, Once the address is latched, 
the data bus transfers data to or from a memory loca- 
tion or I/O device, using the control bus signals gener- 
ated by the /iPD8237A-5. 

AC Ciiaracteristics Supplementary Information 

All AC timing measurement points are 2.0V for high and 
0.8V for low, for both inputs and outputs. The loading 
on the outputs is one TTL gate plus 100 pF of capac- 
itance for the data bus pins, and one TTL gate plus 
50 pF for all other outputs. 
Recovery time between successive read and write 
inputs must be at least 400 ns. I/O or memory write 
pulse widths will be TcY- 100 ns for normal DMA 
transfers and 2 TcY- 100 ns for extended cycles. I/O 
or memory reads will be 2 TcY-50 ns for normal reads 
and TcY-50 ns for compressed cycles. TpQi and 
TdQ2 ai"© measured on two different levels. TpQi at 
2.0V, TdQ2 at 3.3V with a 3.3 kQ pull-up resistor. 
DREG and DACK are both active high and low. DREQ 
must be held in the active state (user defined) until 
DACK is returned from the )LiPD8237A-5. The AC wave- 
forms assume these are programmed to the active high 
state. 



Absolute Maximum Ratings*' 




Tentative 




Ambient Temperature under Bias 


0'»Cto +70°C 


Storage Temperature 


-65°Cto150°C 


Voltage on any Pin witli respect to Ground 


-0.5Vto+7V 


Power Dissipation 


1.5 Watt 



* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be oper- 
ated under conditions outside the limits described in 
the operational sections of this specification. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 

Ta = O^C to +70°C; Vcc = +5V ± 5% 





Symbol 




Limits 




Unit 




Parameter 


Min 


Typ® 


Max 


Test Conditions 


Output High 
Voltage 


VOH 


2.4 






V 


Iqh = -200 M A 


33 






V 


Iqh = -100^A 
(HRQ Only) 


Output Low 


Vol 






0.45 


V 


Iql = 2.0 mA 
(Data Bus) 


Voltage 


Iql = 3.2 mA 
(Other Outputs) 


Input High 
Voltage 


V|H 


2.0 




Vcc + 0-5 


V 




Input Low 
Voltage 


V|L 


-0.5 




0.8 


V 




Input Load 
Current 


'LI 






±^0 


ha 


OV<V,N<Vcc 


Output Leakage 
Current 


'lo 






±10 


VA 


0.45 «VouT^ Vcc 


Vcc Supply 


'cc 




65 


130 


mA 


Ta= +25»C 


Current 




75 


150 


mA 


Ta = 0»C 



Note: 

Typical values measured at Tg = 25°C, nominal processing 
parameters, and nominal VcC- 
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Capacitance 





Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


Typ® 


Max 


Conditions 


Output Capacitance 


Co 




4 


8 


PF 


fc = 1.0 MHz, 


input Capacitance 


C| 




8 


15 


PF 


Inputs = OV 


I/O Capacitance 


C|0 




10 


18 


pF 





Note: 



Typical values measured at Tg = 
parameters, and nominal Vqc- 



25°C, nominal processing 



AC Testing Input/Output Waveform 



_Aoj 



^2-o^A- 



Inputs are driven at 2.4V for logic 1 and 0.45V for 
logic 0. These timing measurements are made at 2.0V 
for logic 1 and 0.8V for logic 0. A transition time of 
20 ns or less is assumed for input timing parameters. 
Unless noted, output loading is 1 TTL gate plus 50 pF 
capacitance. 

AC Characteristics 
DMA (Master) Mode 
Ta = O^'C to +70<>C; Vqc = 5V ± 57o; Vss = OY 





Symbol 


Limits 






Parameter 


MIn Typ 


Max 


Unit 


AEN High from CLK Low (81) Delay 
Time 


tAEL 




200 


ns 


AEN Low from CLK High (SI) Delay 
Time 


tAET 




130 


ns 


ADR Active to Float Delay from CLK 
High 


Ufab 




90 


ns 


READ or WRITE Float from CLK High 


tAFC 




120 




DB Active to Float Delay from CLK 
High 


*afdb 




170 


ns 


ADR from READ High Hold Time 


tAHR 


tcY-100 




ns 


DB from ADDSTB Low Hold Time 


tAHS 


30 




ns 


ADR from WRITE High Hold Time 


»AHW 


tcY-50 




ns 


DACK Valid from CLK Low Delay 
Time 






170 


ns 


EOP High from CLK High Delay Time 


tAK 




170 


ns 


EOP Low to CLK High Delay Time 






100 


ns 


ADR Stable from CLK High 


tASIM 




170 


ns 


Data Bus to ADDSTB Low Setup 
Time 


tASS 


100 




ns 


Clock High Time 
(Transitions<10ns) 


tCH 


80 




ns 


Clock Low Time (Transitions < 10 ns) 


tCL 


68 






CLK Cycle Time 


tCY 


200 




ns 


CLK High to READ or WRITE Low 
Delay® 


toCL 




190 


ns 


READ High from CLK High (S4) 
Delay Time 


*DCTR 




190 


ns 


WRITE High from CLK High (S4) 
Delay Time® 


^DCTW 




130 


ns 


HRQ Valid from CLK High Delay 
Time® 


tDQI 
tDQ2 




120 
120 


ns 
ns 


EOP Low from CLK Low Setup Time 


tEPS 


40 






EOP Pulse Width 


*EPW 


220 




ns 


ADR Float to Active Delay from 
CLK High 


*FAAB 




170 


ns 


READ or WRITE Active from 
CLK High 


¥ac 




150 


ns 





Symbol 




Umlts 




Parameter 


MIn 


Typ Max 


Unit 


Data Bus Float to Active Delay from 
CLK High 


»FADB 




200 


ns 


HLDA Valid to CLK High Setup Time 


tHS 


75 




ns 


Input Data from MEMR High Hold 
Time 


t|DH 







ns 


Input Data to MEMR High Setup Time 


*IDS 


170 




ns 


Output Data from MEMW High Hold 
Time 


*ODH 


10 




JIS 


Output Data Valid to MEMW High 


^ODV 


125 




ns 


DRQ to CLK Low (S|, S4) Setup Time 


tQS 







ns 


CLK to READY Low Hold Time 


tRH 


20 




ns 


READY to CLK Low Setup Time 


tRS 


60 




ns 


ADDSTB High from CLK High Delay 
Time 


tSTL 




130 


ns 


ADDSTB Low from CLK High Delay 
Time 


tSTT 




90 


ns 



Notes: 

Net l/OW or MEMW pulse width for norma l writ e i s tpY- 100 ns 
and 2tCY- 100 ns for extended write. Net I/OR or MEMR pulse 
Width for normal read is 2tcY - 50 ns and tcY - 50 ns for com- 
pressed read. 

@ Tdqi is measured at 2.0V. tDQ2 's measured at 3.3V. An exter- 
nal pullup resistor of 3.3kQ connected from HRQ to Vqc 's 
assumed for tDQ2- 



AC Characteristics Peripheral Mode 

Ta = 0*»C to +70^C; Vcc = 5V ± 5%; Vss 



OV 





Symbol 


Umns 








MIn Typ 


Max 


Unit 


ADR Valid or CS Low to READ Low 


tAR 


50 




ns 


ADR Valid to WRITE High Setup Time 


^AW 


150 




ns 


CS Low to WRITE High Setup Time 


tew 


150 




ns 


Data Valid to WRITE High Setup Time 


tDW 


150 




ns 


ADR or CS Hold from READ High 


tRA 







ns 


Data Access from READ Low (£> 


tRDE 




140 


ns 


Data Bus Float Delay irqm READ High 


tRDF 





70 


ns 


Power Supply High to RESET Low Setup Time 


tRSTD 


500 




ns 


RESET to First I/OR or l/OW 


tRSTS 


2tCY 




ns 


RESET Pulse Width 


tRSTW 


300 




ns 


READ Width 


tRW 


200 




ns 


ADR from WRITE High Hold Time 


tWA 


20 




ns 


CS High from WRITE High Hold Time 


two 


20 




ns 


Data from WRitE High Hold Time 


tWD 


30 




ns 


Write Width 


twws 


160 




ns 




Note: 

Data bus output loading is 1 TTL gate plus 100 pF capacitance. 
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MPD8237A-5 

Timing Waveforms 

Slave Mode Write 



\ 



A0-A3 V 



y: 



Slave Mode Read 

cs , 



A0-A3 



X 



D0-D7 



N- 



Input Valid 



Input Valid 



Address Must Be Valid 



<. 



r 



twc 

® 



X 



X 



f 



}! 



X 



-tRpF- 



.^ 



Note: 

(1) You must time successive read or write operations by tiie CPU to allow at least 400 ns recovery time for the ptPD8237A-5 between read and 
writp pujses. 
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MPD8237A-5 



Timing Waveforms (Cont.) 

DMA Transfer 



S| S| So So Si 

tQS — 




WWWWWWl i///K///////// 



'See Note 2, AC Characteristics, DMA Mode 



6-171 



jL(PD8237A-5 

Timing Waveforms (Cont.) 

Memory-to-Memory Transfer 




A0-A7- 



D0-D7 



y 



\ 



Address Valid 



shxkxzzi;' 



A. 



y: 



\\\\\\\\\\V \WW- //////// 



Address Valid 



A8-A15 




> 



OUT y- 



A_, 



A 



tAK 



\^^ 



Ready 



/\ 



Extended_ 
Write 



H 



f 



V 



Wj jTTT 



/ 
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Timing Waveforms (Cont.) 

Compressed Transfer 



MPD8237A-5 



H_ 



\ 



y 



\. 



V^^"^L^^\ 



>: 



\. 



7^ 



\- 



\. 



/ 



TT 



Reset 



A 



J 



'\. 



Package Outlines 

For information, see Package Outline Section 7. 



Plastic, (XPD8237C-5 
Ceramic, |xPD8237D-5 
Cerdip, (xPD8237AD-5 



8237A-5DS-REV1 -7-83-TRIUM-CAT 
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NOTES 
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SEC 



MPD8243 
MPD8243H 



INPUT/OUTPUT EXPANDER FOR 
/iPD8048 FAMILY 



DESCRIPTION TheAiPD8243 input/output expander is directly compatible with the iLiPD8048 family 
of single-chip microcomputers. Using NMOS technology the juPD8243 provides high 
drive capabilities while requiring only a single +5V supply voltage. 

TheiLiPD8243 interfaces to theiuPD8048 family through a 4-bit I/O port and offers 
four 4-bit bi-directional static I/O ports. The ease of expansion allows for multiple 
iuPD8243's to be added using the bus port. 

The bi-directional I/O ports of theiLtPD8243 act as an extension of the I/O capabilities 
of theiLiPD8048 microcomputer family. They are accessible with their own ANL, MOV, 
and ORL instructions. 



FEATURES • Four 4-Bit I/O Ports 

• Fully Compatible with iLiPD8048 Microcomputer Family 

• High Output Drive 

• NMOS Technology 

• Single +5V Supply 

• Direct Extension of Resident juPD8048 I/O Ports 

• Logical AND and OR Directly to Ports 

• Compatible with Industry Standard 8243 

• Available in a 24-Pin Plastic Package 





Rev/2 
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MPD8243 



General Operation 

The I/O capabilities of the jl(PD8048 family can be enhanced in four 4-bit I/O port 
increments using one or more aiPD8243's. These additional I/O lines are addressed as 
ports 4-7. The following lists the operations which can be performed on ports 4-7. 

• Logical AND Accumulator to Port. 

• Logical OR Accumulator to Port. 

• Transfer Port to Accumulator. 

• Transfer Accumulator to Port. 

Port 2 (P20-P23) forms the 4-bit bus through which the /liPD8243 communicates with 
the host processor. The PROG output from the juPD8048 family provides the neces- 
sary timing to the )uPD8243. There are two 4-bit nibbles involved in each data transfer. 
The first nibble contains the op-code and port address followed by the second nibble 
containing the 4-bit data. Multiple juPD8243's can be used for additional I/O. The 
output lines from the /iPD8048 family can be used to form the chip selects for the 
additional mPD8243's. 

Power On Initialization 

Applying power to the iuPD8243 sets ports 4-7 to the tri-state mode and port 2 to the 
input mode. The state of the PROG pin at power on may be either high or low. The 
PROG pin must make a high-to-low transition in order to exit from the power on 
mode. The power on sequence is initiated any time Vqc drops below 1V. The table 
below shows how the 4-bit nibbles on Port 2 correspond to the /iPD8243 operations. 



Port Address 




Op-Code 




P21 


P20 


Address Code 


P23 


P22 


Instruction Code 








Port 4 








Read 





1 


Ports 





1 


Write 


1 





Porte 


1 





ORLD 


1 


1 


Port 7 


1 


1 


ANLD 



For example an 0010 appearing on P20-P23» respectively, would 
result in a Write to Port 4. 

Read Mode 

There is one Read mode in the iuPD8243. A falling edge on the PROG pin latches the 
op-code and port address from input Port 2. The port address and Read operation are 
then decoded causing the appropriate outputs to be tri-stated and the input buffers 
switched on. The rising edge of PROG terminates the Read operation. The Port 
(4,5,6, or 7) that was selected by the Port address (P2I-P20) 'S returned to the tri-state 
mode, and Port 2 is switched to the input mode. 

Generally, in the read mode, a port will be an input and in the write mode it will be an 
output. If during program operation, the iLiPD8243's modes are changed, the first read 
pulse immediately following a write should be ignored. The subsequent read signals are 
valid. Reading a port will then force that port to a high impedance state. 

Write Modes 

There are three write modes in the ^tPD8243. The MOVD Pp a instruction from the 
juPD8048 family writes the new data directly to the specified port (4,5,6, or 7). The 
old data previously latched at that port is lost. The ORLD Pp a instruction performs 
a logical OR between the new data and the data currently latched at the selected 
port. The result is then latched at that port. The final write mode uses the ANLD 
Pp A instruction. It performs a logical AND between the new data and the data cur- 
rently latched at the specified port. The result is latched at that port. 

The data remains latched at the selected port following the logical manipulation until 
new data is written to that port. 



FUNCTIONAL 
DESCRIPTION 
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BLOCK DIAGRAM 



r^ 



AND/OR 
LOGIC 



Ts: 



<X> 



MULTIPLEXER 






CONTROL 


PROG 








RESET 
CIRCUIT 



^ 



^ 



INPUT 
BUFFER fV 



^ 



^ 



INSTRUCTION 
DECODER 



C 



H 



^ 



ADDRESS 
DECODER 



^ 



^ 



INPUt j^ 

BUFFER Nn 



^ 



INPUT 
BUFFER Kr 



^ 



INPUT 
BUFFER 



Cri 



^ 



PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


2-5 

1, 21-23 

17-20 

13-16 


P4O-P43 
P5O-P53 
P60-P63 
P7O-P73 


The four 4-bit static bi-directional I/O ports. They 
are programmable into the following modes: 
input mode (during a Read operation); low 
impedance latched output mode (after a Write 
operation); and the tri-state mode (following a 
Read operation). Data appearing on I/O lines 
P2O-P23 can be written directly. That data can 
also be logically ANDed or ORed with the previous 
data on those lines. 


6 


C^ 


Chip Select input (active-low). When the /iPD8343 
is deselected (CS = 1 ), output or internal 
status changes are inhibited. 


7 


PROG 


Clock input pin. The control and address informa- 
tion are present on port lines P20'P23 when PROG 
makes a high-to-low transition. Data is present on 
port lines P20-P23 when PROG makes a low-to-high 
transition. 


8-11 


P2O-P23 


P2O-P23 form a 4-bit bi-directional port. Refer to 
PROG function for contents of P20-P23 at the 
rising and falling edges of PROG. Data from a 
selected port is present on P20-P23 9^^or to the 
rising edge of PROG if during a Read operation. 


12 


GND 


The /iPD804 1/8741 ground potential. 


24 


vcc 


+5 volt supply. 
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MPD8243 

Operating Temperature 0°Cto+70''C ABSOLUTE MAXIMUM 

Storage Temperature -65°C to +150°C RATINGS* 

Voltage on Any Pin -0.5 to +7 Volts® 

Power Dissipation 1 W 

Note: ® With respect to groi'nd. 
Ta = 25°C 

•COMMENT Stress aoove those listed under "Absolute Maximum Ratmgs" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



Ta = 0°Cto+70°C;Vcc = 


+5V±10% 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


lnp^t Low Voltage 


V|L 


-0 5 


08 


V 




Input High Voltage 


V|H 


20 


Vcc + 5 


V 




Output Low Voltage (Ports 4-7) 


VOLI 




45 


V 


Iql = 4 5mA'2) 


Output Low Voltage (Port 7) 


V0L2 




1 


V 


Iql = 20 mA 


Output Low Voltage (Port 2) 


Vols 




45 


V 


Iql = 06 mA 


Output High Voltage (Ports 4-7) 


V0H1 


24 




V 


Iqh = 240 mA 


Output High Voltage (Port 2) 


V0H2 


24 




V 


l0H = 100 mA 


Sum of All Iql F''Of" 16 Outputs 


Iql 




100(8243) 


mA 


5 mA Each Pin 




80(8243H) 


Input Leakage Current (Ports 4-7) 


'ILI 


-10 


20 


mA 


V|N = VcctoOV 


Input Leakage Current (Port 2, 
CS, PROG) 


'IL2 


-10 


10 


juA 


V|N = VcCtoOV 


Vcc Supply Current 


'CC 




20 


mA 





DC CHARACTERISTICS 



Note (T) Refer to graph of additional si 

Ta = 0°C to +70° C; Vqc = +5V ±10% 



PARAMETER 


SYMBOL 


LIMITS 


UNITS 


TEST 
CONDITIONS 


MIN 


MAX 


Code Valid Before PROG 


tA 


100 




ns 


80 pF Load 


Code Valid After PROG 


tB 


60 




ns 


20 pF Load 


Data Valid Before PROG 


tc 


200 




ns 


80 pF Load 


Data Valid After PROG 


tQ 


20 




ns 


20 pF Load 


Port 2 Floating After PROG 


tH 





150 


ns 


20 pF Load 


PROG Negative Pulse Width 


tK 


700 




ns 




Ports4-7 Valid After PROG 


tPO 




700 


ns 


100 pF Load 


Ports 4-7 Valid Before/After PROG 


tLPI 


100 




ns 




Port 2 Valid After PROG 


«ACC 




650 


ns 


80 pF Load 


CS Valid Before/After PROG 


tcs 


50 




ns 





AC CHARACTERISTICS 



T2 ./V^J 



NSTRUCTION 



K 



K 



OUTPUT VALID 



TIMING WAVEFORMS 



PREVIOUS OUTPUT VALID 



VXOUTPUT 



^ 



;<: 



=k 
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CURRENTSINKING 
CAPABILITY® 



fiPD8243 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

MAXIMUM SINK CURRENT AT ANY PIN (Vql = 4V) 

MAXIMUM IQL WORST CASE PIN IN mA 

Note ® This curve plots the guaranteed worst case current Sinking capability of any I/O port line versus th« total sink current of all pi.is 
The MPD8243 is capable of sinking 5 mA (for Vql = ^V) through each of the 16 I/O lines simultaneously The current sinking 
curve shows how the individual I/O line drive increases if all the I/O lines are not fully loaded 



Package Outlines 

For information, see Paclcage Outline Section 7. 



Plastic, |xPD8243C 
Ceramic, |jlPD8243D 
Cerdip, kiPD8243D 




8243DS-REV2-7-83-CAT 
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Notes 
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SEC 



fiPD82C43 



CMOS iNput/output expander for 

fiPD8048/80C48 FAMILY 



DESCRIPTION The jLiPD82C43 input/output expander is directly compatible with the /iPD8048/80C48 
family of single-chip microcomputers. Using NMOS technology the /liPD82C43 pro- 
vides high drive capabilities while requiring only a single +5V supply voltage. 

The juPD82C43 interfaces to the )liPD8048/80C48 family through a 4-bit I/O port and 
offers four 4-bit bi-directional static I/O ports. The ease of expansion allows for multi- 
ple jLiPD8243s to be added -using the bus port. 

The bi-directional I/O ports of the /xPD82C43 act as an extension of the I/O capabili- 
ties of the juPD8048/80C48 microcomputer family. They are accessible with their own 
ANL, MOV, and ORL instructions. 



FEATURES • Four 4-Bit I/O Ports 

• Fully Compatible with iLtPD8048/80C48 Microcomputer Family 

• High Output Drive 

• NMOS Technology 

• Single +5V Supply 

• Direct Extension of Resident iuPD8048/80C48 I/O Ports 

• Logical AND and OR Directly to Ports 

• Compatible with Industry Standard 8243 

• Available in a 24-Pln Plastic Package 




P50C 


1 


V^ 


24 


Dvcc 


P40II 


2 




23 


DP5I 


P41C 


3 




22 


DP52 


P42C 


4 




21 


3P53 


P43C 


5 




20 


3 P60 


csC 

PROG C 


6 

7 


mpd 

82043 


19 
18 


DP61 

DP62 


P23C 


8 




17 


3 P63 


P22C 


9 




16 


DP73 


P21C 


10 




15 


DP72 


P20C 


11 




14 


DP7I 


gndC 


12 




13 


3 P70 
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/iPD82C43 



General Operation 

The I/O capabilities of the iLiPD8048/80C48 family can be enhanced in four 4-bit I/O 
port increments using one or more/iPD82C43s. These additional I/O lines are addressed 
as ports 4-7. The following lists the operations which can be performed on ports 4-7. 

• Logical AND Accumulator to Port. 

• Logical OR Accumulator to Port. 

• Transfer Port to Accumulator. 

• Transfer Accumulator to Port. 

Port 2 (P20-P23) forms the 4-blt bus through which the mPD82C43 communicates 
with the host processor. The PROG output from the iuPD8048/80C48 family provides 
the necessary timing to the /liPD82C43. There are two 4-bit nibbles involved in each 
data transfer. The first nibble contains the op-code and port address followed by the 
second nibble containing the 4-bit data. Multiple juPD82C43s can be used for addi- 
tional I/O. The output lines from the iuPD8048/80C48 family can be used to form the 
chip selects for the additional /iPD82C43s. 
Power On Initialization 

AJDplying power to the /iPD82C43 sets ports 4-7 to the tri-state mode and port 2 to the 
input mode. The state of the PROG pin at power on may be either high or low. The 
PROG pin must make a high-to-low transition in order to exit from the power on 
mode. The power on sequence is initiated any time Vcc drops below IV. The table 
below shows how the 4-bit nibbles on Port 2 correspond to the juPD82C43 operations. 



FUNCTIONAL 
DESCRIPTION 



Port Address 




Op-Code 




P2I 


P20 


Address Code 


P23 


P22 


Instruction Code 








Port 4 








Read 





1 


Ports 





1 


Write 


1 





Porte 


1 





ORLD 


1 


1 


Port 7 


1 


1 


ANLD 



For example an 0010 appearing on P20-P23' respectively, would 
result in a Write to Port 4. 

Read Mode 

There is one Read mode in thejuPD82C43. A falling edge on the PROG pin latches the 
op-code and port address from input port 2. The port address and Read operation are 
then decoded causing the appropriate outputs to be tri-stated and the input buffers 
switched on. The rising edge of PROG terminates the Read operation. The port 
(4, 5, 6, or 7) that was selected by the port address (P2I-P20) is returned to the tri-state 
mode, and port 2 is switched to the input mode. 

Generally, in the read mode, a port will be an input and in the write mode it will be an 
output. If during program operation, the juPD82C43's modes are changed, the first read 
pulse immediately following a write should be ignored. The subsequent read signals are 
valid. Reading a port will then force that port to a high impedance state. 

Write Modes 

There are three write modes in the juPD82C43. The MOVD Pp,A instruction from the 
iLtPD8048/80C48 family writes the new data directly to the specified port (4, 5, 6, or 7). 
The old data previously latched at that port is lost. The ORLD Pp,A instruction per- 
forms a logical OR between the new data and the data currently latched at the 
selected port. The result is then latched at that port. The final write mode uses the 
ANLD Pp,A instruction. It performs a logical AND between the new data and the 
data currently latched at the specified port. The result is latched at that port. 

The data remains latched at the selected port following the logical manipulation until 
new data is written to that port. 
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BLOCK DIAGRAM 




PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


2-5 

1, 21-23 

17-20 

13-16 


P4O-P43 
P50-P53 
P60-P63 
P7O-P73 


The four 4-blt static bi-directional I/O ports. They 
are programmable into the following modes: 
input mode (during a Read operation); low 
impedance latched output mode (after a Write 
operation); and the tri-state mode (following a 
Read operation). Data appearing on I/O lines 
P2O-P23 can be written directly. That data can 
also be logically ANDed or ORed with the previous 
data on those lines. 


6 


CS 


Chip Select input (active-low). When the iLtPD82C43 
is deselected (CS = 1), output or internal status 
changes are inhibited. 


7 


PROG 


Clock input pin. The control and address informa- 
tion are present on port lines P20-P23 when PROG 
makes a high-to-low transition. Data is present on 
port lines P20-P23 when PROG makes a low-to-high 
transition. 


8-11 


P2O-P23 


P2O-P23 ^o''"i a 4-bit bi-directional port. Refer to 
PROG function for contents of P20-P23 at the 
rising and falling edges of PROG. Data from a 
selected port is present on P20-P23 Prior to the 
rising edge of PROG if during a Read operation. 


12 


GND 


The iuPD804 1/8741 ground potential. 


24 


vcc 


-i-5 volt supply. 



B 



6-183 



fjPD82C43 

Operating Temperature -40°C to +85°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin -0.5 to +7 Volts® 

Power Dissipation 1 W 

Supply Voltage -0.3to+10V 

Input, Output Voltage -0.3 to V^c +0 3V 

Note: ® With respect to gropnd. 

•Ta = 25°C 

COMMENT- Stress adove those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 



-40° C to +85° C Vcc ~ +5V ± 10% 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 


03 




08 


V 




Input High Voltage 


V|H 


Vcc -20 




Vcc 


V 




Output Low Voltage 
(Ports 4 7) 


VOLI 






45 


V 


Iql 5mA0 


Output Low Voltage (Port 7) 


V0L2 






1 


V 


lOL + 20mA 


Output Low Voltage (Port 2) 


V0L3 






45 


V 


Iql =0 6mA 


Output High Voltage 
(Ports 4 71 


VOHI 


Vcc- 05 






V 


lOH = -240^A 


Output High Voltage (Port 2) 


V0H2 


Vcc - 5 






V 


lOH = - lOO^A 


Sum of All Iql Prom 16 
Outputs 


'OL 






80 


mA 


5 mA Each P,n 


Input Leakage Current 
(Ports 4 7) 


'IL1 






t^ 


mA 


V|N = VcctoOV 


Input Leakage Current 
(Port 2, OS, PROG) 


'IL2 






'' 


»iA 


V(N-VCC'OOV 


Vcc Supply Current 


>CC, 




100 


300 


*iA 




Power Down Supply Current 


'CC2 




1 


10 


^A 





DC CHARACTERISTICS 



Note (T) Refer to graph of add 



Ta= -40X~ +85X,Vcc = 


+ 2.5V 


- +6V 






PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage 


V|L 


03 




18Vcc 


V 




Input High Voltage 


V|H 


7Vcc 




Vcc 


V 




Output LovyrVoltage 


Vqli 






+ 45 


V 


Port 4-7, Iql = 2 5mA 


V0L2 






+ 1 


V 


Port 7, Iql = 7mA 


V0L3 






+ 45 


V 


Port 2, Iql = 3mA 


Output High Voltage 


Vqhi 


75Vcc 






V 


Port 4-7, Iqh - 
-120^A 


V0H2 


75Vcc 






V 


Port 2, Iqh = -50|jlA 


Input Leakage 
Current 


l|L1 






±1 


IxA 


Port 4-7, V|M Vqc 
OV 


l|L2 






+ 1 


^A 


Port2,CS, PROG,V|N 


Supply Current 


'CCI 




1 


10 


^A 


STANDBY MODE ^ 


'CC2 




100 


300 


^A 


OPERATION MODE 
(Iqh = OjxA, PROG 
Pulse Cycle = 5jjls 
(MIN) 


Output Current (Low) 


'OL 






40 


mA 


Port 4-7, 2 5mA Each 
Pin 
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AC CHARACTERISTICS 



//PD82C43 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Code Valid Before PROG 


'A 


100 






OS 


80 pF Load 


Code Valid After PROG 


'8 









ns 


20 pF Load 


Data Valid Before PROG 


to 


200 






ns 


80 pF Load 


Data Valid After PROG 


to 


20 






ns 


20 pF Load 


Port 2 Floating After PROG 


tH 







150 


ns 


20 pF Load 


PROG Negative Pulse Width 


tK 


700 






ns 




Ports4-7 Valid After PROG 


tPO 






700 


ns 


100 pF Load 


Ports 4-7 Valid Before/After PROG 


t|P 


100 






ns 




Port 2 Valid After PROG 


tACC 


90 




650 


ns 


80 pF Load 


CS Valid Before/After PROG 


tcs 


50 






ns 





TIMING WAVEFORMS 



Ta = -40°C~ +85°C,Vcc = 


= +2.5V 


~ + 


6V 






PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Command Input Setup 
Time to PROG i 


tA 


300 






ns 


Port 2 (Control, Port, 
Address), 80pF Load 


Command Input Hold 
Time after PROG 1 


tR 









ns 


Port 2, (Control, Port, 
Address), 20pF Load 


Data Input Setup Time to 
PROG t 


♦c 


600 






ns 


Port 2, (Write Mode), 
80pF Load 


Data Input Hold Time 
after PROG ? 


tD 


80 






ns 


Port 2, (Write Mode), 
20pF Load 


Data Float Delay Time 
from PROG t 


^H 







400 


ns 


Port 2, (Read Mode), 
20pF Load 


PROG Pulse Width 


tK 


2 






(JLS 




CS Input Setup Time to 
PROG i 

CS input Hold Time after 
PROG t 


tcs 


200 






ns 




Data Output Delay Time 
from PROG t 


tpo 






2 


[XS 


Port 4 7 100pFLoad 


Data Input Setup Time to 
PROG i 

Data Input Hold Time 
after PROG | 


t|P 


100 






ns 


Port 4 7 


DataOutput Delay Time 
from PROG 1 


tACC 






35 


(JLS 


Port 2, 80pF Load 



T2 ../V— 



y' 



INSTRUCTION 



>: 



— J 

PORTS 4-7 ^y. 

[-^tcs-" 

3. -N^ 



=>: 



PREVIOUS OUTPUT VALID 



INPUT VALID 



OUTPUT VALID 



:>c 




°— 1 

"W" OUTPUT 
. i^ VALID 



Be 

CS — »J 
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CURRENTSINKING 
CAPABILITY® 



-T 1 1 1 1 1 « r— T 1 1 1 1 \ r— 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

MAXIMUM SINK CURRENT AT ANY PIN (Vql = 4V) 

MAXIMUM Iql worst CASE PIN IN mA 



Note. (D This 



urve plo 



P quarante 



kinq capability of any I'O port li 



The mPD82C43 is capable of sinking 5 mA (for Vqu ^V) through each of the 16 I/O lines s 
curve shows how the individual I/O line drive increases if all the I/O lines are not fully loaded 



tACC"^'N)/M^PD82C43 vs tpc(MAX)/fjiPD80C48, 49 




Frequency mHz 



Package Outlines 

For ififormation, see Package Outline Section 7. 



Plastic, |xPD82C43C 
Cerdip, m,PD82C43D 
Plastic Si(innydip, ^PD82C43CX 
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MPD8251A 
J1PD8251AF* 



PROGRAMMABLE COMMUNICATION INTERFACES 



DESCRIPTION The jjiPD8251A/AF Universal Synchronous/ Asynchronous Receiver/Transmitter 
( USART ) is designed for microcomputer systems data communications. The 
USART is used as a peripheral and is programmed by the 8080A or other processor 
to communicate In commonly used serial data transmission techniques including 
IBM Bi-Sync. The USART receives serial data streams and converts them into paral- 
lel data characters for the processor. While receiving serial data, the USART will also 
accept data characters from the processor in parallel format, convert them to serial 
format and transmit. The USART will signal the processor when it has completely 
received or transmitted a character and requires service. Complete USART status 
including data format errors and control signals such as TxE and SYNDET, is avail- 
able to the processor at any time. 

FEATURES • Asynchronous or Synchronous Operation 

— Asynchronous: 

Five 8-Bit Characters 

Clock Rate - 1, 16 or 64 x Baud Rate 

Break Character Generation 

Select 1, 1-1/2, or 2 Stop Bits 

False Start Bit Detector 

Automatic Break Detect and Handling (mPD8251A) 

— Synchronous: 

Five 8-Bit Characters 

Internal or External Character Synchronization 

Automatic Sync Insertion 

Single or Double Sync Characters 

• Baud Rate (IX Mode) -DC to 64K Baud 

• Full Duplex, Double Buffered Transmitter and Receiver 

• Parity, Overrun and Framing Flags 

• Fully Compatible with 8080A/8085/MPD780 (ZBOTM) 

• All Inputs and Outputs are TTL Compatible 

• Single -h5 Volt Supply, ± 10% 

• Separate Device Receive and Transmit TTL Clocks 

• 28 Pin Plastic,Cerdip,and Ceramic DIP Packages 

• N-Channel MOS Technology 




PIN CONFIGURATION 



PIN NAMES 



D2C 


1 




28 


3 o^ 


D3C 


2 




27 


3 Do 


RxDC 


3 




26 


J Vcc 


gnidC 


4 




25 


jnTc- 


o,B 


5 




24 


3 DTR 


D5C 


6 


iuPD 


23 


3 RTS 


06 C 

D7C 


7 
8 


8251A/ 
8251AF 


22 
21 


3i5sR 

3 RESET 


T^C 


9 




20 


3 CLK 


wrC 


10 




19 


3 TxD 


C5C 


11 




18 


3 TxE 


c/SC 


12 




17 


3C-T? 


rdC 
rdyQ 


13 
14 




16 
15 


-, SYNDET (MPD8251) 

-• SYNDET/BD {mPD8251A) 

2 TxRDY 



D7-D0 


Data Bus (8 bit*) 


C/0 


Control or Data is to be Written or Read 


RD 




WR 


Write Data or Control Command 


CS 


Chip Enable 


CLK 


Clocfc Pulse <TTL) 


RESET 


Reset 


Tie 


Transmitter Clock (TTL) 


TxD 


Transmitter Data 


RxC 


Receiver Clock (TTL) 


RxO 


Receiver Data 


RxRDY 


Receiver Ready (has character for 8080) 


Txf^DV 




MR 


Data Set Ready 


5Tr 


Data Terminal Ready 


SYNDET 


Sync Detect 


SYNDET/BO 


Sync Detect/Bre^k Detect 


RTS 


Request to Send Data 


CTS 


Clear to Send Data 


TxE 




Vcc 


+5 Volt Supply 


GND 


Ground 



TM: Z80 is a registered trademark of Zilog, Inc. Rev/6 
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BLOCK DIAGRAM 



♦-rTc 

• SYNDET/BD (nPD8251A/AF) 



fjLPD8251AF ENHANCEMENTS 

PRESENT M-PD8251A 

1. A previously loaded data character will be retransmitted 
if Tx was disabled before TxEMPTY by TxEn able i or 
CTS t r and is re-enabled by TxEnable f or CTS i be- 
fore a new data character is sent to |xPD8251 A by CPU. 
CPU. 

2. Break Detect does not always reset upon RxData return- 
ing to a '1 ' during the last bit of the character following 
the break. Break detect will latch up, and the device 
must be cleared by device Reset. 

3. On TxEnable i or CTS t during the first character of a 
double-character sync output, the second sync character 
will not be output. 

4. If the Status Register is read during a status update, an 
erroneous status read may result. 

5. In Rx mode, a hardware or software reset does not force 
asynchronous mode, clear hunt condition or require a 
proper line initialization (1 to transition) before receiv- 
ing. This may cause reception of garbage characters. 

6. Break Detect will occur on the first complete (start bit to 
stop bit) break. This situation could be confused with a 
null frame (all zeroes) that also has a framing error. 

7. Sync Detect does not reset on status read. 

8. RxRDY clears within 2 tCY's of RD leading edge. 

9. TxE MPTY oscillates with internal clock when TxEnable 

i or CTS t • 

10. TxRDY and TxEMPTY clear on WR trailing edge (data). 

1 1 . Enter hunt command affects asynchronous Rx by loss 
of data characters. 

12. Writing a command will sometimes clear TxRDY or 
TxEMPTY if C/D set up or hold is marginal. Reading sta- 
tus will sometimes clear RxRDY if C/D set up or hold is 
marginal. 

13. Rx data overrun erronA/ill not occur and garbage data 
may result if RD and CS are active during an internal 
data update. 

14. In asynchronous mode, after a reset, the first T xD b it 
may be shifted out on either the first or second TxC i 
edge. 

15. RxRDY can glit ch w hen CLK does not have a fixed phase 
relationship to RxC. 

16. The receiver occasionally gives an extra character fol- 
lowing the end of Break condition. 



NEW |jlPD8251AF 

A previously loade d cha racter will be flushed out and 

not transmitted on CTS [ or TxEnable f . 



Break Detect will reset on RxData going to '^'. 



Will output both sync characters on TxEnable i or CTS 

t- 

Some valid status (either new or old) will always be 
available. 

Reset will clear Rx hunt condition, force asynchronous 
operation (64X clock), and require a proper line initiali- 
zation before receiving anything. 

Will give a framing error at the end of the first complete 
or partial break and will give a Break Detect at the stop 
bit position of the second contiguous break character. 

Sync Detect will reset on status read. 

RxRDY will clear on RD leading edge. 

TxEMPTY will not oscillate this way. 

TxRDY, TxEMPTY will clear on WR leading edge. 
Enter hunt will not affect asynchronous operation. 

C/D set up and hold margin will be improved. 



Will indicate an overrun error properly. 

The first TxD bit will be shifted out on the first TxC i 
edge. 

RxRDY will not glitch. 

No extra characters will occur. 
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FUNCTIONAL The |jlPD8251A/AF Universal Synchronous/Asynchronous Receiver/Transmitters are 
DESCRIPTION designed specifically for 8080 microcomputer systems but work with most 8-bit pro- 
cessors. Operations of the |xPD8251 A/AF, like other I/O devices in the 8080 family, are 
programmed by system software for maximum flexibility. 

In the receive mode, the |xPD8251 A/AF converts incoming serial format data into 
parallel data and makes certain format checks. In the transmit mode, it formats par- 
allel data into serial form. The device also supplies or removes characters or bits 
that are unique to the communication format in use. By performing conversion and 
formatting services automatically, the USART appears to the processor as a simple 
or "transparent" input or output of byte-oriented parallel data. 



BASIC OPERATION 



C/D 


RD 


WR 


cs 










.' 1 





M-PD8251 A/AF -> Data Bus 





1 








Data Bus -^ ULPD8251 A/AF 


1 





1 





Status ^ Data Bus 


1 


1 








Data Bus -> Control 


X 


X 


X 


1 


Data Bus -> 3-Stete 


X 


1 


1 






PIN IDENTIFICATION 



PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1,2. 
27,28 
5^8 


D7-D0 


Data Bus Buffer 


An 8-bit, 3-state bi-directional buffer used to 
interface the USART to the processor data 
bus. Data is transnriitted or received by the 
buffer in response to input/output or Read/ 
Write instructions from the processor. The 
Data Bus Buffer also transfers Control words. 
Command words, and Status 


26 


vcc 


Vcc Supply Voltage 


+5 volt supply 


4 


GND 


Ground 


Ground 


Read/Write Control Logic 


This logic block accepts inputs from the pro- 
cessor Control Bus and generates control signals 
for overall USART operation The Mode 
Instruction and Command Instruction registers 
that store the control formats for device func- 
tional definition are located in the Read/ 
Write Control Logic 
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PIN 1 


FUNCTION 


NO 


SYMBOL 


NAME 


21 


RESET 


Reset 


A "one" on thi§ input forces the USART into the 
"Idle" mode where it will remain until reinitial- 
ized with a new set of control words. Minimum 
RESET pulse width is 6 tCY- 


20 


CLK 


Clock Pulse 


The CLK input provides for internal device tim- 
ing and is usually connected to the Phase 2 (TTL) 
output of the MPB8224 Clock Generator. 
External inputs and outputs are not referenced 
to CLK, but the CLK frequency must be at 
least 30 times the Receiver or Transmitter 
clocks in the synchronous mode and 4.5 
times for the asynchronous mode. 


10 


WR 


Write Data 


A "zero" on this input instructs the USART 
to accept the data or control word which 
the processor is writing out on the 
data bus. 


13 


RD 


Read Data 


A "zero" on this input instructs the USART 
to place the data or status information 
onto the Data Bus for the processor to 
read 


12 


C/D 


Control/Data 


The Control/Data input, in conjunction with the 
WR and RD inputs, informs the USART to 
accept or provide either a data character, 
control word or status information via the 
Data Bus = Data, 1 = Control. 


11 


cs 


Chip Select 


A "zero" on this input enables the USART to 
read from or write to the processor. 


Modem Control 


The |xPD8251A/AF have a set of control inputs and 
outputs which may be used to simplify the interface 
to a Modem. 


22 


DSR 


Data Set Ready 


The Data Set Ready input can be tested by the 
processor via Status information The DSR input 
is normally used to test Modem Data Set Ready 
condition 


24 


DTR 


Data Terminal Ready 


The Data Terminal Ready output can be con- 
trolled via the Command word The DTR output 
IS normally used to drive Modem Data Terminal 
Ready or Rate Select lines 


23 


RTS 


Request to Send 


The Request to Send output can be controlled 
via the Command word The RTS output is 
normally used to drive the Modem Request to 
Send line 


17 


CTS 


Clear to Send 


A "zero" on the Clear to Send input enables the 
USART to transmit serial data if the TxEN bit in 
the Command Instruction register is enabled 
(one) 



PIN IDENTIFICATION 
(CONT ) 
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TRANSMIT BUFFER 



The Transmit Buffer receives parallel data from the Data Bus Buffer via the internal 
data bus, converts parallel to serial data, inserts the necessary characters or bits needed 
for the programmed communication format and outputs composite serial data on the 
TxD pin. 



PIN IDENTIFICATION 
(CONT.) 



PIN 


FUNCTION 


NO. 1 SYMBOL 1 NAME 


Transmit Control Logic 


The Transmit Control Logic accepts and outputs 
all external and internal signals necessary for 
serial data transmission. 


15 


TxRDY 


Transmitter Ready- 


Transmitter Ready signals the processor that the 
transmitter is ready to accept a data character. 
TxRDY can be used as an interrupt or may be 
tested through the Status information for polled 
operation. Loading a character from the processor 
automatically resets TxRDY, on the leading edge. 


18 


TxE 


Transmitter Empty 


The "Transmitter Empty output signals the 
processor that the USART has no further char- 
acters to transmit. TxE is automatically reset 
upon receiving a data character from the pro- 
cessor. In half-duplex, TxE can be used to signal 
end of a transmission and request the processor 
to "turn the line around." The TxEn bit m the 
command instruction does not effect TxE. 
In the Synchronous mode, a "one" on this out- 
put indicates that a Sync character or charac- 
ters are about to be automatically transmitted 
as "fillers" because the next data character has 
not been loaded. 


9 


TxC 


Transmitter Clock 


The Transmitter Clock controls the serial charac- 
ter transmission rate. In the Asynchronous 
mode, the TxC frequency is a multiple of the 
actual Baud Rate. Two bits of the Mode Instruc- 
tion select the multiple to be 1x, 16x, or 64x 
the Baud Rate. In the Synchronous mode, the 
TxC frequency is automatically selected to 
equal the actual Baud Rate 
Note that for both Synchronous and Asynchro- 
nous modes, serial data is shifted out of the 
USART by the falling edge of T^. 


19 


TxD 


Transmitter Data 


The Transmit Control Logic outputs the 
composite serial data stream on this pin. 



JJLPD8251A/AF 

INTERFACE TO 8080 

STANDARD SYSTEM BUS 



AO 



ADDRESS BUS 



CONTROL BUS 



I/O R 



I/O W 



02 
(TTL) 



C/D 



7^ 



\Z 



Jl 



D? - Do RD WR RESET CLK 

8251 A/AF 
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The Receive Buffer accepts serial data input at the RxD pin and converts the data RECEIVE BUFFER 
fronn serial to parallel format. Bits or characters required for the specific communi- 
cation technique in use are checked and then an eight-bit "assembled" character is 
readied for the processor. For communication techniques which require less than 
eight bits, the |jlPD8251 A/AF set the extra bits to "zero." 

PIN IDENTIFICATION 
(CONT.) 



PIN 


FUNCTION 


NO. 1 SYMBOL 1 NAME 


Receiver Control Logic 


This block manages all activities related to 
incoming data. 


14 


RxRDY 


Receiver Ready 


The Receiver Ready output indicates that the 
Receiver Buffer is ready with an "assembled" 
character foi* input to the processor For Polled 
operation, the processor can check RxRDY 
using a Status Read or RxRDY can be con- 
nected to the processor interrupt structure 
Note that reading the character to the pro- 
cessor automatically resets RxRDY 


25 


RxC 


Receiver Clock 


The Receiver Clock determines the rate at which 
the incoming character is received In the Asyn- 
chronous mode, the RxC frequency may be 1.16 
or 64 times the actual Baud Rate but in the Syn- 
chronous mode the RxC frequency must equal 
the Baud Rate. Two bits in the mode instruction 
select Asynchronous at 1x, 16x or 64x or Syn- 
chronous operation at 1x the Baud Rate 

Unlike T^C. data is sampled by the jjlPD8251 A/AF 
on the rising edge of RxC. © 


3 


RxD 


Receiver Data 


A composite serial data stream is received by 
the Receiver Control Logic on this pin 


16 


SYNDET 
(mPD8251) 


Sync Detect 


The SYNC Detect pin is only used m the Synchron- 
ous mode. The |ji,PD8251A/AF may be programmed 
through the Mode Instruction to operate m either 
the internal or external Sync mode and SYNDET 
then functions as an output or input respectively. 
In the internal Sync mode, the SYNDET output will 
go to a "one" when the fjLPD8251A/AF has located 
the SYNC character in the Receive mode If double 
SYNC character (bi-sync) operation has been pro- 
grammed, SYNDET will go to "one" in the middle 
of the last bit of the second SYNC character SYN- 
DET IS automatically reset to "zero" upon a Status 
Read or RESET. In the external SYNC mode, a 
"zero" to "one" transition on the SYNDET input 
will cause the |xPD8251A/AF to start assembling 
data character on the next falling edge of RxC. The 
length of the SYNDET input should be at least one 
RxC period, but may be removed once the 
jiPD8251A/AF is m SYNC. 


16 


SYNDET/BD 
(fi,PD8251A/AF) 


Sync Detect/ 
Break Detect 


The SYNDET/BD pin is used in both Synchro- 
nous and Asynchronous modes. When in SYNC 
mode the features for the SYNDET pin 
described above apply. When in Asynchro- 
nous mode, the Break Detect output will go 
high which all zero word of the programmed 
length is received. This word consists of: start 
bit, data bit, parity bit and one stop bit. Reset 
only occurs when Rx data returns to a logic 
one state or upon chip reset. The state of 
Break Detect can be read as a status bit. 



Note: Q) Since the |jlPD8251 A/AF will frequently be handling both the reception and 

tran smis sion for a given link, the Receive and Transmit Baud Rates will be the same. RxC 
and TxC then require the same frequency and may be tied together and connected to 
a single clock source or Baud Rate Generator. 

Examples If the Baud Rate equals 110 (Async) If the Baud Rate equals 300. 

RxC or fxC equals 110 Hz (1x) RxC or fxC equals 300 Hz (1x) A or S 

RxC or TxC equals 1.76 KHz (16x) RxC or TxC equals 4800 Hz {16x) A only 

RxC or TxC equals 7.04 KHz (64x) RxC or TxC equals 19.2 KHz (64x) A only 
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OPERATIONAL A set of control words must be sent to the |xPD8251A/AF to define the desired 
DESCRIPTION mode and communications format. The control words will specify the BAUD rate 
factor (1x, 16x, 64x), character length (5 to 8), number of STOP bits (1,1-1/2, 2) 
Asynchronous or Synchronous mode, SYNDET (IN or OUT), parity, etc. 



After receiving the control words, the |xPD8251 A/AF are ready to communicate.* 
TxRDY is raised to signal the processor that the USART is ready to receive a char- 
acter for transmission. When the processor writes a character to the USART, 
TxRDY is automatically reset. 



Concurrently, the fjLPD8251 A/AF may receive serial data; and after receiving an 
entire character, the RxRDY output is raised to indicate a completed character is 
ready for the processor. The processor fetch will automatically reset RxRDY. 



USART PROGRAMMING 



Note: The |jlPD8251 A/AF may provide faulty RxRDY for the first read after 

power-on or for the first read after receive is re-enabled by a command 
instruction (RxE). A dummy read is recommended to clear faulty RxRDY. 
But this is not the case for the first read after hardware or software reset 
after the device operation has once been established. 

The jjlPD8251 A/AF cannot transmit until the TxEN (Transmitter Enable) bit 
has been set by a Command Instruction and until the CTS (Clear to Send) 
input is a "zero". TxD is held in the "marking" state after Reset awaiting 
new control words. 

The USART must be loaded with a group of two to four control words provided by 
the processor before data reception and transnnission can begin. A RESET (internal or 
external) must immediately proceed the control words which are used to program the 
complete operational description of the communications Interface. If an external 
RESET IS not available, three successive 00 Hex or two successive 80 Hex command 
instructions (C/D = 1) followed by a software reset command instruction (40 Hex) 
can be used to initialize the |xPD8251A/AF. 

There are two control word formats: 

1. Mode Instruction 

2. Command Instruction 



MODE INSTRUCTION 



This control word specifies the general characteristics of the interface regarding the 
Synchronous or Asynchronous mode, BAUD rate factor, character length, parity, and 
number of stop bits. Once the Mode Instruction has been received, SYNC characters 
or Command Instructions may be inserted depending on the Mode Instruction content. 



COMMAND INSTRUCTION 



This control word will be interpreted as a SYNC character definition if immediately 
preceded by a Mode Instruction which specified a Synchronous format. After the 
SYNC character(s) are specified or after an Asynchronous Mode Instruction, all sub- 
sequent control words will be interpreted as an update to the Command Instruction. 
Command Instruction updates may occur at any time during the data block. To 
modify the Mode Instruction, a bit may be set in the Command Instruction which 
causes an internal Reset which allows a new Mode Instruction to be accepted. 



6-193 



,iPD8251A/AF 



C/D - 1 
C/D = 1 
C/D - 1 
C/D - 1 

C/D =-- 



MODE INSTRUCTION 



SYNC CHARACTER 1 



SYNC CHARACTER 2 



COMMAND INSTRUCTION 



SYNC MODE 
ONLY ® 



COMMAND INSTRUCTION 



C/D = ^ 



COMMAND INSTRUCTION 



NOTE (Y) The second SYNC character is skipped if MQDE instruction has pro- 
gramnned the (jlPD3251 A/AF to single character Internal SYNC Mode. 
Both SYNC characters are skipped if MODE instruction has programmed 
the JJLPD8251A/AF to ASYNC mode. 



TYPICAL DATA BLOCK 



The fjLPD8251 A/AF can operate in either Asynchronous or Synchronous 
comnnunication modes. Understanding how the Mode Instruction controls the 

functional operation of the USART is easiest when the device is considered to be two 
separate components (one asynchronous and the other synchronous) which share the 
same support circuits and package. Although the format definition can be changed at 
will or "on the fly," the two modes yviH be explained separately for clarity. 

When a data character is written into the jjlPD8251A/AF, the USART auto- 
matically adds a START bit (low level or "space") and the number of STOP bits 

(high level or "mark") specified by the Mode Instruction. If Parity has been enabled, 
an odd or even Parity bit is inserted just before the STOP bit(s), as specified by the 
Mode Instruction. Then, depending on GTS and TxEN, the character may be trans- 
mitted as a serial dat a stre am at the T xD output. Data is shifted out by the falling 
edge of TxC at TxC, TxC/16 or TxC/64, as defined by the Mode Instruction. 

If no data characters have been loadpd into the fjLPD8251 A/AF, or if all avail- 
able charapters have been transmitted, the TxD output remains "high" (marking) 

m preparation for sending the START bit of the next character provided by the 
processor. TxD may be forced to send a BREAK (continuously low) by setting the cor- 
rect bit in the Command Instruction. 



MODE INSTRUCTION 
DEFINITION 



ASYNCHRONOUS 
TRANSMISSION 



The RxD input line is normally held "high" (marking) by the transmitting device. 
A falling edge at RxD signals the possible beginning of a START bit and a new 
character. The START bit js checked by testing for a "low" at its nominal center 
as specified by the BAUD RATE. If a "low" is detected again, it is considered valid, 
and the bit assembling counter starts counting. The bit counter locates the .approxi- 
mate center of the data, parity (if specified), and STOP bits. The parity error flag (PE) 
IS set, if a parity error occurs. Input bits are sampled at ihe RxD pin with the rising 
edge of RxC. If a high is pot detected for the STOP bit, which normally signals the end 
of an input character, a framing error (FE) will be set. After a valid STOP bit, the input 
character is loaded into the parallel Data Bus Buffer of the |xPD8251 A/AF anpl the 
RxRDY signal is raised to indicate to the processor that a character is ready to 
be fetched. If the processor has failed to fetch the previous character, the new charac- 
ter replaces the old and the overrun flag (OE) is set. All the error flags can be reset 
by setting a bit ip the Command Instruction. Error flag conditions will not stop sub- 
sequent USART operation. 
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ASYNCHRONOUS 
RECEIVE 



/iPD8251A/AF 



D7 Dq D5 D4 D3 D2 Di Do 



S2 Si EP PEN L2 L 



BAUD RATE FACTOR 



(IX) (16X) (64X) 



CHARACTER LENGTH 



5 
BITS 



6 

BITS 



BITS BITS 



PARITY ENABLE 

1 ENABLE DISABLE 

EVEN PARITY GENERATION/CHECK 

1 EVEN ODD 

NUMBER OF STOP BITS 






1 





1 








1 


1 


NVALID 


1 
BIT 


1' 
BITS 


2 
BITS 



TxD MARKING 



START 
BIT 



Do Di D2 



© 



DATA BITS 
J i 



PARITY 



TRANSMITTER OUTPUT 

Do Di D2 



START 
BIT 



L_U^ 



(D 



DATA BITS 
i i 



PARITY 
BIT 



RECEIVER INPUT 

PROCESSOR BYTE (5-8 BITS/CHAR) 
ti 



DATA CHARACTER 

i^^ 



ASSEMBLED SERIAL DATA OUTPUT (TxD) 



■^^ 1 

STOP 

BITS 



STOP 
BITS 



DATA CHARACTER 



PARITY 
BIT 



(f 

TRANSMISSION FORMAT 



STOP 
BITS 



SERIAL DATA INPUT (RxD) 





1 Hi 1 




1 a — 1 


START 




PARITY 


STOP 


BIT 


DATA CHARACTER 


BIT 


BITS 




1 J J _- 1 




1 «JC 1 



PROCESSOR BYTE (5-8 BITS/CHAR) 
1) 



DATA CHARACTER 

a 



RECEIVE FORMAT 

Notes Generated by tJiPD8251A/AF 

® Does not appear on the Data Bus 
(3) If character length is defined as 5, 6, or 7 bits, the 
unused bits are set to "zero " 
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As in Asynchronous transmission, the TxD output remains "high" (marking) until 
the |xPD8251 A/AF receive the first character (usually a SYNC character) from the 
processor. After a Command Instruction has set TxEN and after Clear to S^nd 
(CTS) goes low, the first character is serially transmitted. Data is shifted out on the 
falling edge of TxC and the same rate as TxC, 



SYNCHRONOUS 
TRANSMISSION 



Once transmission has started, Synchronous Mode format requires that the serial 
data stream at TxD continue at the TxC rate or SYNC will be lost. If a data character 
is not provided by the processor before the p.PD8251 A/AF Transmit Buffer 
becomes empty, the SYNC character(s) loaded directly following the Mode Instruc- 
tion will be automatically inserted in the TxD data stream. The SYNC character(s) 
are inserted to fill the line and maintain synchronization until new data characters 
are available for transmission. If the (xPD8251 A/AF become empty, and must send 
the SYNC characters(s), the TxEMPTY output is raised to signal the processor that 
the Transmitter Buffer is empty and SYNC Characters are being transmitted. 
TxEMPTY is automatically reset by the next character from the processor. 

In Synchronous Receive, character synchronization can be either external or inter- SYNCHRONOUS 
nal. If the internal SYNC mode has been selected, and the Enter HUNT (EH) bit has RECEIVE 
been set by a Co^nmand Instruction, the receiver goes into the HUNT mode. 

Incoming data on the RxD input is sampled on the rising edge of RxC, and the 
Receive Buffer is compared with the first SYNC character after each bit has been 
loaded until a match is found. If two SYNC characters have been programmed, the 
next received character is a|so compared. When the SYNC character(s) pro- 
grammed have been detected, the |xPD8251A/AF leave the HUNT mode and are in 
character synchronization. At this time, the SYNDET (output) is set high. SYNDET 
is automatically reset by a STATUS READ. 

If external SYNC has been speci fied in the Mode Instruction, a "one" applied to the 
SYNDET (iriput) for at least one RxC cycle will synchronize the USART. 

Parity and Overrun Errors are treated the same in the Syrrchronous as in the Asyn- 
chronous Mode. If not in HUNT, parity will continue to be checked even if the 
receiver is not enabled. Framing errors do not apply in the Synchronous format. 



The processor may command the receiver to enter the HUNT mode with a Com- 
mand Instruction which sets Enter HUNT (EH) if synchronization is lost. 

°7 Dg O5 D4 D3 Do 0, Do 



CHARACTER LENGTH 



MODE INSTRUCTION 
FORMAT 
SYNCHRONOUS MODE 



■ PARITY ENABLE 
(1 ENABLE) 
(0 DISABLE) 



VEN PARITY GENERATlON/CHHCK 
EVEN 
OPD 



- EXTERNAL SYNC DETECT 
1 SYNDET IS AN INPUT 
SYNDET IS AN OUTPUT 



• SINGLE CHARACTER SYNC 
1 SINGLE SYNC CHARACTER 
DOUBLE SYNC CHARACTER 
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TRANSMIT/RECEIVE 

FORMAT 

SYNCHRONOUS MODE 



^PD8251A/AF 



PROCESSOR BYTES (&-8 BITS CHAR 
ii 



DATA CHARACTERS 
i^ 



ASSEMBLED SERIAL DATA OUTPUT (TvD) 

f > 



SYNC 
CHAR 1 



SYNC 
CHAR .' 



DATA CHARACTERS 
fi 



TRANSMIT FORMAT 



SERIAL DATA INPUT (RxD) 



COMMAND INSTRUCTION 
FORMAT 



STATUS READ FORMAT 



PARITY ERROR 



OVERRUN ERROR 



FRAMING ERROR ® 



SYNC 
CHAR 1 


SYNC 
CHAR ? 


1 < 5 1 

DATA CHARACTERS 

Si 



PROCESSOR BYTES (5 8 BITS CHAR) 
ff 



o 



DATA CHARACTERS 



■^h 



RECEIVE FORMAT 

Note (T) If chaiactei lenqth is defined as 5, 6 oi 7 bits, the unused 
bits arc set to 'Veto " 

After the functional definition of the |xPD8251A/AF has been specified by the Mode 
Instruction and the SYNC character(s) have been entered (if in SYNC mode), the 
USART is ready to receive Command instructions and begin communication. A 
Command Instruction is used to control the specific operation of the format 
selected by the Mode Instruction. Enable Transmit, Enable Receive, Error Reset and 
Modem Controls are controlled by the Command Instruction. 
After the Mode Instruction and the SYNC character(s) (as needed) are loaded, all 
subsequent "control writes" (C/D = 1) will load or overwrite the Command Instruc- 
tion register. A Reset operation (internal via CMD IR or external via the RESET 
input) will cause the |xPD8251 A/AF to interpret the next "control write", which must 
immediately follow the reset, as a Mode Instruction. 

It is frequently necessary for the processor to examine the status of an active inter- 
face device to determine if errors have occurred or if there are other conditions 
which require a response from the processor. The fjLPD8251A/AF have features 
which allow the processor to read the device status at any time. A data fetch is 
issued by the processor while holding the C/D input "high" to obtain device Status 
Information. Many of the bits in the status register are copies of external pins. This 
dual status arrangement allows the |jlPD8251 A/AF to be used in both Polled and 
interrupt driven environments. Status update can have a maximum delay of 28 
clock periods in the fjLPD8251A/AF. 

When a parity error is detected, the PE flag is set. It is cleared by setting the 

ER bit in a subsequent Command Instruction. PE being set does not inhibit USART 

operation. 

If the processor fails to read a data character before the one following is available, 
the OE flag is set. It is cleared by setting the ER bit in a subsequent Command 
Instruction. Although OE being set does not inhibit USART operation, the 
previously received character is overwritten and lost. 

If a valid STOP bit is not detected at the end of a character, the FE flag is set. It 
IS cleared by setting the ER bit in a subsequent Command Instruction. FE being set 
does not inhibit USART operation. 

Note. ® ASYNC mode on'y. 
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fiPD8251A/AF 



D? De D5 D4 



D2 



Do 



COMMAND INSTRUCTION 
FORMAT 



R RTS ER SBRK RxE DTR TxEN 



TRANSMIT ENABLE 
1 = enable 
= disable 



DATA TERMINAL 

READY 

"high" will force DTR 
output to zero 



RECEIVE ENABLE 
1 = enable 
= disable 



SEND BREAK 

CHARACTER 

1 = forces TxD "low" 

= normal operation 



ERROR RESET 
1 = reset all error flags 
PE, OE, FE 



REQUESTTO SEND 
"high" will force RTS 
output to zero 



INTERNAL RESET 
"high" returns USART to 



STATUS READ FORMAT 



ENTER HUNTMQDE 
1 = enable seaich for Syni 
Characteis (j) 



D6 



SYNDET 
/BD 



TxE RxRDY TxRDY 



SAME DEFINITIONS AS I/O PINS 



PARITY ERROR 

The PE flag is set when a parity 
error is detected. It is reset by 
the ER bit of the Command 
Instruction. PE does not inhibit 
operation of the fiPD8251A/AF 



OVERRUN ERROR 
The OE flag is set when the CPU 
does not read a character before 
the next one becomes available 
It IS r6set by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the 
H,PD8251A/AF, but, the previ- 
ously overrun character is lost. 



FRAMING ERROR (Async only) 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character It is 
reset by the ER bit of the 
Command Instruction FE does 
not inhibit the operation of the 
|jiPD8251A/AF. 



Notes No effect in ASYNC mode 

(2) TxRDY status bit is not totally equivalent to the TxRDY output pin, the relationship 



- 198 TxRDY status bit = DB Buffer Empty 

TxRDY (pm 1 5) = DB Buffer Empty • CTS • TxEn 



/4PD8251A/AF 



APPLICATION OF THE 
|xPD8251A/AF 



ADDRESS BUS 



CONTROL BUS 



SM 



RxD 
fi^PD TxD 

8251A/ 
AF ^ 




ASYNCHRONOUS SERIAL INTERFACE TO CRT TERMINAL, 
DC to 9600 BAUD 



ADDRESS BUS 



CONTROL BUS 



im 



8251A/ 
AF 


RxD 
TxD 
DSR 
DTR 
CTS 
RTS 

r;^ 

TxC 




ASYNC 
MODEM 




PHONE 
UNF 

INTER 
FACE 














t 






BAUD 

RATE 

GENERATOR 










TE 



ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 



) ADDRESS BUS \ 


1 1 


) CONTROL BUS 


s 


II M 


) DATA BUS 


\ 



MS 



RxD 
TxD 

IjlPD 

8251A/ RxC 
AF i^ 



SYNCHRONOUS 

TERMINAL 

OR PERIPHERAL 

DEVICE 




SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 

\ ' ADDRESS BUS \ 



jzirr 



CONTROL BUS 



3 



MI 



RxD 

TxD 

M-PD R^ 

8251 A/ _ 

AF TxC 

SYNDET 
CTS 
RTS 
DSR 
DTR 




SYNC 
MODEM 




PHONE 

LINE 
INTER 
FACE 































SYNCHRONOUS INTERFACE TO TELEPHONE LINES 
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JIPD8251A/AF 

Operating Temperature -0 C to +70^C 

Storage Temperature -65°C to +150°C 

Ali Output Voltages -0.5 to +7 Volts 

All Input Voltages /-0.5 to +7 Volts 

Supply Voltages -0.5 to +7 Volts 

Ta = 25° C 

*COMMENT. Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
re'iability. 



ABSOLUTE MAXIMUM 
RATINGS* 



Ta = 0°Cto70°C;Vcc = 5.0V 


± 10%for8251A/AF; GND = OV. 


PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


|jiPD8251A/AF 


MIN 


MAX 


Input Low Voltage 


V|L 


-0,5 


08 


V 




Input High Voltage 


V|H 


2.0 


vcc 


V 




Output Low Voltage 


Vol 




0.45 


V 


MPD8251 IOL=1-7nnA 
MPD8251A loL = 2.2nnA 


Output High Voltage 


VOH 


2.4 




V 


MPD8251. Ioh=-''OCmA 
MPD8251A loH = -400mA 


Output Float Leakage 


'OFL 




±10 


iuA 


VquT = 0.45V 




10 


.45V « VouT ^ Vcc 


input Load Current 


l|L 




10 


mA 


.45V ^ Vim ^ Vcc 


Power Supply Current 


Ice 


1 


100 


mA 


All Outputs = Logic 1 



DC CHARACTERISTICS 



Ta = 25°C, Vcc = GND = OV 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 






10 


PF 


fc= 1 MHz 

Unnneasured 
pins returned 
to GND 


I/O Capacitance 


C|/0 






20 


PF 



CAPACITANCE 



TESTING INPUT, OUTPUT WAVEFORM 



2!> TEST POINTS <^ 




A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC "1" AND 
45V FOR A LOGIC "0 " TIMING MEASUREMENTS ARE MADE AT 2 OV 
FOR A LOGIC '1" AND 8V FOR A LOGIC "0 " 



;! 420n {8251A AF) < 



;> 6K(8251A AF) 



Figure 1. 



TEST LOAD CIRCUIT 









./ 






/ 






/ 


"^SPEC 




/ 


/ 








-100 -50 



+50 +100 



A CAPACITANCE (pF) 

Typical A Output 
Delay Versus A Capacitance (pF) 
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AC CHARACTERISTICS 



Ta = 0°Cto70°C;Vcc = 5.0V 


± 10%for8251A/AF; GND = 


ov. 






PARAMETER 


SYMBOL 


LIMITS 




TEST 
CONDITIONS 


1JLPD8215A 


(XPD8251AF 


UNIT 


MIN 1 MAX 


MIN 


MAX 


READ 1 


Address Stable before READ (CS CD) ?^ 


'ar 


50 









ns 




Address Hold Time for READ (CS CD) ® 


'ra 


50 









ns 




READ Pulse Widtli 


'rr 


250 




200 




ns 




Data Delay from READ (D 


•rd 




250 




140 


ns 


^PD8251A C|_ 150pF 


READ to Data Floating 


'df 


10 


100 


,0 


80 


ns 




WRITE 1 


Address Stable before WRITE 


'aw 


50 









ns 




Address Hold Time for WRITE 


'WA 


50 









ns 




WRITE Pulse Width 


'ww 


250 




200 




ns 




Data Set-Up Time for WRITE 


•dw 


150 




100 




ns 




Data Hold Time for WRITE 


'wD 


30 









ns 




Recovery Time Between WRITES I 


'rv 


6 




6 




'CY 




OTHER TIMING { 


Clock Period ® 


'CY 


32 


135 


20 


135 


us 




Clock Pulse Width High 


'(t>W 


140 


tcY-90 


70 


tQY-40 






Clock Pulse Width Low 


f^itiW 


90 




40 




ns 




Clock Rise and Fall Time 


'r'f 


5 


20 


5 


20 


ns 




TxD Delay from Falling Edge of TxC 


'dTx 




1 




1 


M.S 




Rx Data Set-Up Time to Sampling Pulse 


'SRx 


2 








US 




Rx Data Hold Time to Sampling Pulse 


'hRx 


2 








|JIS 




Transmitter Input Clock Frequency 
1X Baud Rate 

16X Baud Rate 

64X Baud Rate 


'Tx 




64 


DC 


64 


kHz 






310 


DC 


310 


kHz 






615 


DC 


615 


kHz 




Transmitter Input Clock Pulse Width 
IX Baud Rate 

16X and 64X Baud Rate 


'tpw 


12 




12 




'CY 




1 




1 




'CY 




Transmitter Input Clock Pulse Delay 
1X Baud Rate 

16X and 64X Baud Rate 


'tpd 


15 




15 




'CY 




3 




3 




'CY 




Receiver Input Clock Frequency 
1X Baud Rate 

16X Baud Rate 

64X Baud Rate 


'rx 




64 


DC 


64 


kHz 






310 


DC 


310 


Khz 






615 


DC 


615 


kHz 




Receiver Input Clock Pulse Width 
1X Baud Rate 

16X and 64X Baud Rate 


'rpw 


12 




12 




'CY 




1 




1 




'CY 




IX Baud Pate 

16X and 64X Baud Rate 


'rpd 


15 




15 




'CY 




3 




3 




'CY 




TxRDY Delay from Center of Data Bit « 


'Tx 




8 




8 


'CY 




TxRDY i from Leading Edge of WR ® 


'Tx RDY 
CLEAR 








300 


ns 




RxRDY Delay from Center of Data Bit 

Internal SYNDET Delay from Center of Data Bit 


'rx 
'is 




24 
24 




20 


'CY 
'CY 




RxRDY 1 from Leading Edge of RD ® 


'Rx RDY 
CLEAR 








300 


ns 




External SYNDET Set-Up Time before Falling 
Edge of RxC ® 


'ES 


16 




18 




'CY 




TxEf^/IPTY Delay from Center of Data BiKS 


'TxE 




20 




20 


'CY 




Control Delay from Rising Edge of WRITE (TxE, 
DTFl RTS)® 


'WC 




8 




8 


'CY 




Control to READ Set-Up Time (DSR, CTS) ® 


'CR 


20 




20 




'CY 





S AC timings measured at Vqh = 20 V(-,|_ = 08 and with load circuit of Figure 1 

D This recovery time IS for initialization only when MODE SYNCI SYNC2 COMMAND and first DATA BYTES ai 

written into the USART Subsequent writing of both COMMAND and DATA are only allowed when TxRDY 1 
3) The TxC and RxC frequencies have the following limitations with respect to CLK 

For IX Baud Rate f-p^ or fp^ - 1 (30 tpy) 

For 16X and 64X Baud Rate f j^ or fp^ 1 (4 5 t^y) 
S Reset Pulse Width = 6 tQy minimum 
S'TtXRDYCCR-2Tcy ' ^A, * ^p - 200ns 
^ TpxROYCLR -^TcY * T^ * Tp - 170ns 

J Chip Select (CS) and Command Data (C D) are considered as Addresses 
% Assumes that address is valid before Rq 1 
% Status update can have a maximum delay of 28 clock periods from the event affecting the status 
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|iPD8251A/AF 



-tnt 



TIMING WAVEFORMS 



SYSTEM CLOCK INPUT 



TxC (Ix MODE) 



TxC I16x MODE) 



Jp 



WVV\AAAAAAAAAAAAA/^/VWV\A/\AAA/VVW\AAA/V 

DTX tDTX-^ 



^ 



TRANSMITTER CLOCK AND DATA 



-e 



, (Rx BAUD COUNTER STARTS HERE) 
START BIT 



4 



" ^ DATA BIT 



-16 RxC PERIODS (16x MODE)- 



R-S(.6M0DE, v/t\AAAAAAA-\AAAyWWWW\AAAMAAAAAAAAA/V 

-* — 3 tcv 



"V_ 



RECEIVER C^OCK AND DATA 



tJx ROY CLEAR 



DATA IN(D B ) 
C/D 



■ t DATA STABLE j - 



\tAW 



WRITE DATA CYCLE (PROCESSOR -> USART) 



Rx RDY 
RD 

DATA OUT (D B ) 
C/D • 



DATA FLOAT 



CS 



tRx RDY CLEAR 



L- tRD -*4 h- ^°^ 

; I i DATA FLOAT 
■ <PATA OUT active) 



READ DATA CYCLE (PROCESSOR ^ USART) 
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TIMING WAVEFORMS 
(CONT.) 



fiPD8251A/AF 



O 



DTR, RTS- 



■t 



_,[^twc H 



DATA IN (D B ) • 



p- — tDW — -«-j 



C/D 
cs • 



h; 



WRITE CONTROL OR OUTPUT PORT CYCLE 
(PROCESSOR ->USART) 



DSR, CIS 



© 



DATA OUT _ 
(DB) 



C/(5" 

C5- 



[^tRD -.> 



t-' 



— HtRA[— 

/ 



READ CONTROL OR INPUT PORT CYCLE 
(PROCESSOR ^ USART) 

NOTES Cj_) Ty^C '"''"t*"* *►»• response timing of a control byte 

(7) J^^ Includes the e«ect of CTS on the TxENBL circuitry 



Tx READY 
(STATUS BIT) 



'^-TX. 



a 



h 



V 



Wr DATA 1 Wr DATA 2 Wr DATA 3 Wr DATA 4 



~Aixx]oooocA/xx]oaoo(7Hzx]ooooacr 



DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 



ZTTi 



DATA CHAR 4 



EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY AND 2 STOP BITS Iji ( 

TRANSMITTER CONTROL AND FLAG TIMING 
(ASYNC MODE) 
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BREAK DETECT 
OVERRUNERROR 

(STATUS BIT)- 



(^PD8251A/AF) 



Rx RDY - 

c/dI 

— - w 

PTD- 
Rx DATA - 



Rd DATA 
Wr ERR 



H- 



Rst Wr RxEn 1 



DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 ^° 



t H BREAK t- 

00 — Q 

EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY AND 2 STOP BITS ^< > 



TIMING WAVEFORMS 
(CONT.) 



RECEIVER CONTROL AND FLAG TIMING 
(ASYNC MODE) 




PAR PAR PAR PAR PAR PAR SPACING PAR PAR 

DATA DATA SYNC SYNC DATA DATA | STATE^_J, 

CHAR 1 CHAR 2 CHAR 1 CHAR 2 CHAR 3 CHAR 4maRKING MARKING DATA SYNC 

STATE STATE CHAR 5 CHAR 

EXAMPLE FORMAT = 5 BIT CHARACTER WITH PARITY AND 2 SYNC CHARACTERS 

TRANSMITTER CONTROL AND FLAG TIMING 
(SYNC MODE) 




jinnnr 

k EXIT HUNT MODE 



- SET SYNC DET 



RECEIVER CONTROL AND FLAG TIMING 
(SYNC MODE) 

Notes ® Internal sync, 2 sync characters, 5 bits, with parity 
d) External sync, 5 bits, with parity 



Package Outlines 

For information, see Paclcage Outline Section 7. 



Plastic, M^PD8251AC/AFC 
Cerdip, |xPD8251AD/AFD 
Ceramic, ixPD8251AD/AFD 
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8251A/8251AFDS-REV6-7-83-CAT 



SEC 



fiPD8253-2 
fiPD8253-5 



PROGRAMMABLE INTERVAL TIMER 



DESCRIPTION The NEC /iPD8253 contains three independent, programmable, multi-modal 16-bit 
counter/timers. It is designed as a general purpose device, fully compatible with the 
8080 family. The mPD8253 interfaces directly to the busses of the processor as an 
array of I/O ports. 

The jLiPD8253 can generate accurate time delays under the control of system software. 
The three independent 16-bit counters can be clocked at rates from DC to 4 MHz. 
The system software controls the loading and starting of the counters to provide 
accurate multiple time delays. The counter output flags the processor at the comple- 
tion of the time-out cycles. 

System overhead is greatly Improved by relieving the software from the maintenance 
of timing loops. Some other common uses for the iuPD8253 in microprocessor based 
systems are: 

• Programmable Baud Rate Generator 

• Event Counter 

• Bmary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 



FEATURES • Three Independent 16-Bit Counters 

• Clock Rate: DC to 4 MHz 

• Count Binary or BCD 

• Single+5 Volt Supply, ±10% 

• 24 Dual-ln-Llne Plastic Package 



PIN CONFIGURATION 



DyC 


1 


^ 


24 


Hvcc 


Dec 


2 




23 


DWR 


D5C 


3 




22 


I] RD 


D4II 


4 




21 


:]cs 


03 C 


5 




20 


DAl 


D2C 


6 


mpd 


19 


Dao 


Did 


7 


8253 


18 


DCLK2 


DoC 


8 




17 


I3 0UT2 


CLKOC 


9 




16 


3 GATE 2 


OUT CI 


10 




15 


DCLKI 


5ATE C 


11 




14 


3 GATE 1 


GNDQ 


12 




13 


UOUTI 



PIN NAMES 



D7-D0 


Data Bus (8-Bit) 


CLKN 


Counter Clock Inputs 


GATEN 


Counter Gate Inputs 


OUTN 


Counter Outputs 


RD 


Read Counter 


WR 


Write Comnnand or Data 


CS 


Chip Select 


Aq, Ai 


Counter Select 


vcc 


+5 Volts 


GND 


Ground 



Rev/6 
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Data Bus Buffer 

The 3-state, 8-bit, bi-directional Data Bus Buffer interfaces the juPD8253 to the 
8080AF/8085A microprocessor system. It will transmit or receive data in accordance 
with the INput or OUTput instructions executed by the processor. There are three 
basic functions of the Data Bus Buffer. 

1. Program the modes of the /iPD8253. 

2. Load the count registers. 

3. Read the count values. 
Read/Write Logic 

The Read/Write Logic controls the overall operation of the aiPD8253 and is governed 

by inputs received from the processor system bus. 

Control Word Register 

Two bits from the address bus of the processor, Aq and Ai , select the Control Word 

Register when both are at a logic "1 " (active-high logic). When selected, the Control 

Word Register stores data from the Data Bus Buffer in a register. This data is then 

used to control: 

1. The operational MODE of the counters. 

2. The selection of BCD or Binary counting. 

3. The loading of the count registers. 

RD (Read) 

This active-low signal instructs the /iPD8253 to transmit the selected counter value 
to the processor. 

WR (Write) 

This active-low signal instructs the jliPD8253 to receive MODE information or 
counter input data from the processor. 
Ai, Ao 

The Ai and Aq inputs are normally connected to the address bus of the processor. 
They control the one-of-three counter selection and address the control word register 
to select one of the six operational MODES. 
C§ (Chip Select) 

ThejLiPD8253 is enabled when an active-low signal is applied to this input. Reading 
or writing from this device is inhibited when the chip is disabled. The counter opera- 
tion, however, is not affected. 
Counters #0, #1, #2 

The three identical, 16-bit down counters are functionally independent allowing for 
separate MODE configuration and counting operation. They function as Binary or 
BCD counters with their gate, input and output line configuration determined by the 
operational MODE data stored in the Control Word Register. The system software 
overhead time can be reduced by allowing the control word to govern the loading of 
the count data. 

The programmer, with READ operations, has access to each counter's contents. The 
/iPD8253 contains the commands and logic to read each counter's contents while 
still counting without disturbing its operation. 

The following is a table showing how the counters are manipulated by the input signals 
to the Read/Write Logic. 



CS 


RD 


Wr 


Ai 


Ao 


FUNCTION 





1 











Load Counter No. 





1 








1 


Load Counter No. 1 





1 





1 





Load Counter No. 2 





1 





1 


1 


Write Mode Word 








1 








Read Counter No. 








1 





1 


Read Counter No. 1 








1 


1 





Read Counter No. 2 








1 


1 


1 


No-Operation, 3-State 


1 


X 


X 


X 


X 


Disable, 3-State 





1 


1 


X 


X 


No-Operation, 3-State 



FUNCTIONAL 
DESCRIPTION 
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BLOCK DIAGRAM 



ABSOLUTE MAXIMUM 
RATINGS* 











DATA 

BUS 

BUFFER 



C^ 



RD READ/ 

WRITE 

Ai LOGIC 



PROCESSOR PROCESSOR PROCESSOR 

ADDRESS CONTROL DATA 

BUS BUS BUS 



CONTROI 

WORD 
REGISTER 






<^ 



c:> 



c^ 



MPD8253-5 



Operating Temperature 0°Cto +70° C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin -0.5 to +7 Volts© 

Note (V) With respect to ground. 
Ta = 25°C 



DC CHARACTERISTICS 



CAPACITANCE 



*COMMENT: Stress above those hsted under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



Tg = 0°C to +70°C; Vcc = +5V ± 


10% 












PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MiN 


TYP 


MAX 


Input Low Voltage 


V|L 


-0.5 




0.8 


V 




Input High Voltage 


V|H<3) 


2.0 




Vcc+0.5 


V 




Output Low Voltage 


Vol 






0.45 


V 


Iql = 2.2 mA 


Output High Voltage 


VOH 


2.4 






V 


IOH = -400mA 


Input Load Current 


l|L 






±10 


mA 


0<V|N<Vcc 


Output Float Leakage Current 


•OFL 






±10 


HA 


0.45 < VoUT < Vcc 


Vcc Supply Current 


'cc 






140 


mA 





Note: (D V| H 2.2 min for 8253-2. 
Tg = 25°C, Vcc = GND = OV 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 






10 


pF 


fc = 1 MHz 

Unmeasured pins returned 

to Vss- 


Input/Output Capacitance 


C|/0 






20 


PF 
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Tg = 0°C to +70°C; Vj,^ = +5V ± 10%; GND = OV 



AC CHARACTERISTICS© 



PARAMETER 


SYMBOL 


LIMITS 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MPD8253-2 


mPD8253-5 


MIN 1 MAX 


MIN 


MAX 


READ 


Address Stable Before READ 


tAR 












ns 




Address Hold Time for READ 


tRA 












ns 




READ Pulse Width 


tRR 


200 




250 




ns 




Data Delay from READ 


tRD 




140 




170 


ns 


CL = 150 pF 


READ to Data Floating 


tDF 


10 


100 


25 


100 


ns 


CL = 150 pF 


Recovery Time Between READ 


tRV 


200 




11 000; 




ns 




WRITE 


Address Stable Before WRITE 


tAW 












ns 




Address Hold Time for WRITE 


tWA 


20 









ns 




WRITE Pulse Width 


tww 


200 




250 




ns 




Data Set Up Time for WRITE 


^DW 


150 




150 




ns 




Data Hold Time for WRITE 


tWD 


20 









ns 




Recovery Time Between WRITES 


tRV 


200 




1000 




ns 




CLOCK AND GATE TIMING 


Clock Penod 


tCLK 


200 




250 


DC 


ns 




High Pulse Width 


tpwH 


100 




160 




ns 




Low Pulse Width 


tpWL 


100 




90 




ns 




Gate Pulse Width High 


tQW 


150 




150 




ns 




Gate Set Up Time to Clock t 


tGS 


100 




100 




ns 




Gate Hold Time After Clock I 


tGH 


100 




50 




ns 




Low Gate Width 


tGL 


50 




100 




ns 




Output Delay from Clock 1 


tOD 




300 




300 


ns 


CL = 150 pF 


Output Delay from Gate 


tODG 




300 




300 


ns 


CL = 150 pF 



Note: AC Timing Measured at Vqh = 2 OV, Vql =0 8V 



TIMING WAVEFORMS 



Tcry 

osA 



INPUT/OUTPUT WAVEFORM FOR AC TEST 



Ai, Ao.CS 




'5Jj™i?^ 



DATA BUS ^:^:^ %^HIGH jMPEDANCE .-^ 



^rTTTrrTrrrTT: 

HIGH IMPEDANCE 



RDWR 




READ TIMING 



CLOCK AND GATE TIMING 



Ai,Ao. OS ) j^ 



3: 



X-T 



WRITE TIMING 
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PROGRAMMING The programmer can select any of the six operational MODES for the counters using 
THE jLlPD8253 system software. Individual counter programming is accomplished by loading the 

CONTROL WORD REGISTER with the appropriate control word data (Ao,Ai = 11). 



CONTROL WORD FORMAT 



!■" 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 


SCI 


SCO 


RL1 


RLO 


M2 


Ml 


MO 


BCD 



SC - Select Counter 



SCI 


SCO 










Select Counter 





1 


Select Counter 1 


1 





Select Counter 2 


1 


1 


Invalid 



RL- Read/Load 



RL1 


RLO 










Counter Latching Operation 


1 





Read/Load Most Significant Byte Only 





1 


Read/Load Least Significant Byte Only 


1 


1 


Read/Load Least Significant Byte First, Then Most 
Significant Byte 




BCD 



Binary Counter, 16-Bits 



BCD Counter, 4-Decades 



M-Mode 



M2 


M1 


MO 













ModeO 








1 


Mode 1 


X 


1 





Mode 2 


X 


1 


1 


Mode 3 


1 








Mode 4 


1 





' 


Mode 5 
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Each of the three counters can be individually programmed with different operating OPERATIONAL MODES ^ 

MODES by appropriately formatted Control Words. The following is a summary of the 
MODE operations. 

Mode 0: interrupt on Terminal Count 

The initial MODE set operation forces the OUTPUT low. When the specified counter is 
loaded with the count value, it will begin counting. The OUTPUT will remain low until 
the terminal count sets it high. It will remain in the high state until the trailing edge of 
the second WR pulse loads in COUNT data. If data is loaded during the counting 
process, the first WR stops the count. Counting starts with the new count data triggered 
by the falling clock edge after the second WR. If a GATE pulse is asserted while count- 
ing, the count is terminated for the duration of GATE. The falling edge of CLK follow- 
ing the removal of GATE restarts counting from the terminated point. 

-_^lJlJx^lJl_^^JlJlJlJlJ-IJ^J^ 



Mode 1: Programmable One-Shot 

The OUTPUT is set low by the falling edge of CLOCK following the trailing edge of 
GATE. The OUTPUT is set high again at the terminal count. The output pulse is not 
affected if nevv count data is loaded while the OUTPUT is low. The new data vvill be 
loaded on the rising edge of the next trigger pulse. The assertion of a trigger pulse 
while OUTPUT is low, resets and retriggers the One-Shot. The OUTPUT will remain 
low for the full count vaJue after the rising edge of TRIGGER. 

c-jaJXrUlJTJTJTilJ~LJTJT_rLrL 



Mode 2: Rate Generator 

The RATE GENERATOR is a variable modulus counter. The OUTPUT goes low for 
one full CLOCK period as shown in following timing diagram. The count data sets the 
time between OUTPUT pulses. If the count register is reloaded between output pulses 
the present period will not be affected. The subsequent period will reflect the new 
value. The OUTPUT will remain high for the duration of the asserted GATE input. 
Normal operation resumes on the falling CLOCK edge following the rising edge of 
GATE. 

c-jn_nji_riJTJTrLJTjajT_n_rij-L 



Note: (T) Ail internal counter events occur at the falling edge of the associated clock in all modes of 
operation. _^^ 
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OPERATIONAL MODES ® Mode 3: Square Wave Generator 

(Cont.) MODE 3 resembles MODE 2 except the OUTPUT will be high for half of the count and 

low for the other half (for even values of data). Fdr odd values of count data, the OUT- 
PUT will be high one clock cycle longer than when it is low (High Period -» "^ 2 
clock cycles; Low Period ->• ^ clock periods, where N is the decimal value of count 
data). If the count register is reloaded with a new value during counting, the new value 
will be reflected immediately after the output transition of the current count. 

The OUTPUT will be held in the high state while GATE is asserted. Counting will start 
from the full count data after the GATE has been removed. 



c.K_rajiTiruTJijn_rij"LrLrLn_rL 



Mode 4: Software Triggered Strobe 

The OUTPUT goes high when MODE 4 is set, and counting begins after the second 
byte of data has been loaded. When the terminal count is reached, the OUTPUT will 
pulse low for one clock period. Changes in count data are reflected in the OUTPUT as 
soon as the new data has been loaded into the count registers. During the loading of 
new data, the OUTPUT is held high and counting is inhibited. 

The OUTPUT is held high for the duration of GATE. The counters are reset and 
counting begins from the full data value after GATE is removed. 

c-jajiJixiJ~LJ\rLrij~Lr\_rLn_rL_ 



B 



Mode 5: Hardware Triggered Strobe 

Loading MODE 5 sets OUTPUT high. Counting begins when count data is loaded and 
GATE goes high. After terminal count is reached, the OUTPUT will pulse low for one 
clock period. Subsequent trigger pulses will restart the counting se^juence with the 
OUTPUT pulsing low on terminal count following the last rising ecge of the trigger 
input (Reference bottom half of timing diagram). 



_r-i__r 
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Package Outlines 

For information, see Section 7. 



Plastic, ^PD8253C-5 
Ceramic, M.PD8253D-5 
Cerdip, |jlPD8253D-5 



8253DS-REV6-7-83-CAT 
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PROGRAMMABLE PERIPHERAL INTERFACES 



DESCRIPTION The JUPD8255A is a general purpose programmable INPUT/OUTPUT device designed 
for use with the 8080A/8085A microprocessors. Twenty-four (24) I/O lines may be 
programmed in two groups of twelve (group I and group II) and used in three modes 
of operation. In the Basic mode, (IVIODE 0), each group of twelve I/O pins may be 
programmed in sets of 4 to be input or output. In the Strobed mode, (MODE 1), each 
group may be programmed to have 8 lines of input or itput. Three of the remaining 
four pins in each group are used for handshakmg strobes and interrupt control signals. 
The Bi-directional Bus mode, (MODE 2), uses the 8 lines of Port A for a bi-directional 
bus, and five lines from Port C for bus control signals. The jLtPD8255A is packaged in 
40-pin plastic dual-in-line packages. 



FEATURES • Fully Compatible with the 8080A/8085 Microprocessor Families 

• All Inputs and Outputs TTL Compatible 

• 24 Programmable I/O Pins 

• Direct Bit SET/RESET Eases Control Application Interfaces 

• 8 — 4 mA Darlington Drive Outputs for Printers and Displays 

• LSI Drastically Reduces System Package Count 

• Standard 40-Pin Dual-ln-Line Plastic. 



PIN CONFIGURATION 



PA3 C 


1 ^-^ 


40 


3 PA4 


PA2 C 


2 


39 


3 PA5 


PAi C 


3 


38 


3 PA6 


PAo C 


4 


37 


13 PA7 


RD C 


5 


36 


3 WR 


cs c 


6 


35 


3 RESET 


GND C 


7 


34 


3 Do 


A1 C 


8 


33 


Ddi 


AO C 


9 


32 


DD2 


PC7 C 


10 mpd 


31 


DD3 


PC6 C 


11 8255A 


30 


3D4 


PCs C 


12 


29 


3D5 


PC4 C 


13 


28 


3 dq 


PCoC 


14 


27 


DD7 


PCi c 


15 


26 


3 Vcc 


PC2C 


16 


25 


13 PB7 


PC3C 


17 


24 


3 PB6 


PBoC 


18 


23 


3 PB5 


PBiC 


19 


22 


3 PB4 


PB2C 


20 


21 


3 PB3 




D7-D0 


Data Bus (Bi-Directional) 


RESET 


Reset Input 


cs 


Chip Select 


RD 


Read Input 


WR 


Write Input 


A0.A1 


Port Address 


PA7-PA0 


Port A (Bit) 


PB7-PB0 


Port B (Bit) 


PC7-PC0 


Port C (Bit) 


Vcc 


+5 Volts 


GND 


Volts 
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General FUNCTIONAL DESCRIPTION 

ThejUPD8255A Programmable Peripheral Interface (PPI) is designed for use in 8080A/ 
8085A microprocessor systems. Peripheral equipment can be effectively and effi- 
ciently interfaced to the 8080A/8085A data and control busses with the jliPD8255A. 
The/zPD8255A is functionally configured to be programmed by system software to 
avoid external logic for peripheral interfaces. 

Data Bus Buffer 

The 3-state, bidirectional, 8-bit Data Bus Buffer (D0-D7} of the AtPD8255A can be 
directly interfaced to the processor's system Data Bus (Dg-Dy). The Data Bus Buffer 
is controlled by execution of IN and OUT instructions by the processor. Control 
Words and Status information are also transmitted via the Data Bus Buffer. 

Read/Write and Control Logic 

This block manages all of the internal and external transfers of Data, Control and 
Status. Through this block, the processor Address and Control busses can control the 
peripheral interfaces. 

Chip Select, CS, pin 6 

A Logic Low, V| |_, on this input enables the juPD8255A for communication with the 
8080A/8085A. 
Read, RD, pin 5 

A Logic Low, V| l, on this input enables the iuPD8255A to send Data or Status to the 
processor via the Data Bus Buffer. 
Write, WR, pin 36 

A Logic Low, Vn_, on this input enables the Data Bus Buffer to receive Data or Con- 
trol Words from the processor. 

Port Select 0, Aq, pin 9 
Port Select 1, Ai, pin 8 

These two inputs are used in conjunction with CS, RD, and WR to control the selec- 
tion of one of three ports on the Control Word Register. Aq and Ai are usually 
connected to Aq and Ai of the processor Address Bus. 

Reset, pin 35 

A Logic High, V|h, on this input clears the Control Register and sets ports A, B, and 
C to the input mode. The input latches in ports A, B, and C are not cleared. 

Group I and Group II Controls 

Through an OUT instruction in System Software from the processor, a control word is 
transmitted to the iuPD8255A. Information such as "MODE," "Bit SET," and "Bit 
RESET" is used to initialize the functional configuration of each I/O port. 

Each group (I and II) accepts "commands" from the Read/Write Control Logic and 
"control words" from the internal data bus and in turn controls its associated I/O 
ports. 

Group I - Port A and upper Port C (PC7-PC4) 

Group II - Port B and lower Port C {PC3-PC0) 
While the Control Word Register can be written into , the contents cannot be read back 
to the processor. 

Ports A, B, and C 

The three 8-bit I/O ports (A, B, and C) in the /iPD8255A can all be configured to meet 
a wide variety of functional requirements through system software. The effectiveness 
and flexibility of the /iPD8255A are further enhanced by special features unique to 
each of the ports. 

Port A = An 8-blt data output latch/buffer and data input latch. 

Port B = An 8-bit data input/output latch/buffer and an 8-bit data Input buffer. 

Port C = An 8-bit output latch/buffer and a data input buffer (input not latched). 
Port C may be divided into two independent 4-bit control and status ports for use with 
Ports A and B. 
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BLOCK DIAGRAM 



Bl DIRECTIONAL I 



,-o.<^^=^ 3^ <^ 



T 



^=C> 



CONTROL 



±c 



£^C 



:i>.-Pc. 



ABSOLUTE MAXIMUM Operating Temperature 0°C to +70°C 

RATINGS* Storage Temperature -65°C to +150°C 

Voltage on Any Pin With Respect to Vgs .-0.5 to +7 Volts 

Note: ® With respect to Vss 

Ta = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability, 

DC CHARACTERISTICS 




Ta = 0°C to +70°C, Vqc = 


+5V ± 10% 


Vss 


= 0V 






PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MPD8255A 


MIN 


MAX 


Input Low Voltage 


V|L 


-0 5 


08 


V 




Input High Voltage 


V|H 


2 


vcc 


V 




Output Low Voltage 


Vol 




45 


V 


© 


Output High Voltage 


VOH 


24 




V 


(3) 


Darlington Drive Current 


'ohO 


-1 


-4 


mA 


VexT= 1 5V,REXT = 750n 


Power Supply Current 


'CC 




120 


mA 


Vcc = +5V, Output Open 


Input Leakage Current 


•lih 




10 


HA 


VjN = Vcc 


Input Leakage Current 


•lil 




-10 


mA 


V|N - 04V 


Output Leakage Current 


•loh 




±10 


nA 


V0UT=- VCC.CS-2 0V 


Output Leakage Current 


•lol 




-10 


nA 


VOUT = 4V,CS- 2 0V 



Notes ® Any set of eight (8) outputs from either Port A, B, or C can source 4 mA into 1 5V. 
(2) ■ Iql = 2.5 mA for DB Port, 1 7 mA for Peripheral Ports 
(D 'oh = -400 mA for dB Port, -200 /uA for Peripheral Ports 



CAPACITANCE Ta = 25°C, vcc = vss = ov 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN 


TVP 


MAX 


Input Capacitance 


C|N 






10 


pF 


fc= 1 MHz 

Unmeasured pins 
returned to Vgs 


I/O Capacitance 


C|/0 






20 


pF 
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Tg = 0°C to +70° C; Vqc = +5V ±5%; Vss = OV 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


8255A-2 
LIMITS 


8255A-5 
LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


Address Stable Before READ 


tAR 












ns 




Address Stable After READ 


tRA 












ns 




READ Pulse Width 


tRR 


200 




250 




ns 




Data Valid From READ 


tRD 




140 




170 


ns 


Cl=150pF 


Data Float After READ 


tDF 


10 


100 


10 


100 


ns 
ns 


Cl=100pF 
CL=15pF 


Time Between READS 
and/WRITES 


tRV 


200 




850 




ns 


® 


WRITE 


Address Stable Before WRITE 


tAW 












ns 




Address Stable After WRITE 


tWA 


20 




20 




ns 




WRITE Pulse Width 


tww 


200 




250 




ns 




Data Valid to WRITE (T.E.) 


tDW 


100 




100 




ns 




Data Valid After WRITE 


tWD 












ns 




OTHER TIMING | 


WR"=0 To Output 


tWB 




350 




350 


ns 


Cl= 150 pF 


Peripheral Data Before Rd 


t|R 












ns 




Peripheral Data After RD 


tHR 












ns 




A^ Pulse Width 


tAK 


300 




300 




ns 




STB Pulse Width 


tST 


350 




350 




ns 




Per. Data Before T.E. Of sTB 


tps 












ns 




Per. Data After T.E. Of §TB 


tPH 


150 




150 




ns 




ACK = To Output 


tAD 




300 




300 


ns 


Cl=150pF 


ACK = To Output Float 


tKD 


20 


250 


20 


250 


ns 


Cl = 50pF 
Cl= 15pF 


WR = 1 To OBF = 


tWOB 




300 




650 


ns 


Cl=150pF 


ACK = 0ToOBF = 1 


tAOB 




350 




350 


ns 


STB'=0ToIBF = 1 


tSIB 




300 




300 


ns 


RD = 1TolBF = 


tRIB 




300 




300 


ns 


RD = OTolNTR = 


tRIT 




400 




400 


ns 


STB= 1 TolNTR = 1 


tSIT 




300 




300 


ns 


ACK = 1 TolNTR = 1 


tAIT 




350 




350 


ns 


WR = OTo INTR = 


tWIT 




450 




850 


ns 


Cl= 150 pF (D 



Note: (T) Period of Reset pulse must be at least 50 us during or after power on. Subsequent Reset 
pulse can be 500 ns min. 



•^y 



V^' 



^^y 



^^ 



(3) INTRt may occur as early as WR^^. 



AC Testing Input, Output Waveform 

Input/Output 



AC Testing Load Circuit 



" — \f^^ 7W — 

Y Test Points X ^L = 150pF 
45 / V2i Oi/N 

AC Testing inputs are driven at 2 4V for a logic 1 and 45V 
for a logic Timing measurements are made at 2 0V for a 
logic 1 and 8V for a logic 



Device 
Under 
Test 



-AAA/ O VEXT* 



1^ 



*Vext is set at various voltages dunng testing to guarantee 
the specification 
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TIMING WAVEFORMS 
MODEO 



INPUT FROM PERIPHERAL 



3^ 



CS, Ai, Aq 
Do D7 . 



*: 



I — -)t 

- — tRD ^ 



3c 



RD- 

BASIC INPUT (READ) 



io- 





"^ 


>vy 


w 






tow 


«WD 


Do O7 


Y 




k 


\r — — ''^^T 




1 


tyVA ^ 


CS. Ai. Ao J^ 


ir 


H-'WB-H 


OUTPUT TO PERIPHERAL 


- . X . 



BASIC OUTPUT (WRITE) 



MODE 1 




OUTPUT TO PERIPHERAL 



tWB 



STB FROM PERIPHERAL 



INTR- 
RD- 



tST- 



tSIT 



INPUT 
PERIPH 



FROM 1 ^^L 

I- tps - 



/ tRi- 



'-^. 



Z 



6-217 



MPD8255A 



WRITE 

DATA FROM mPD8085A TO mPD8255A 



ACK FROM PERIPHERAL 




TIMING WAVEFORMS 
(CONT.) 

MODE 2 



STB FROM PERIPHERAL 



PERIPHERAL 
BUS 



DATA FROM DATA FROM 

PERIPHERAL TO mPD8255A juPD8255A TO PER 



OM v-_— « 

RiPHERAL \ 



READ DATA FROM 
MPD8255A TO juPD8085A 



Note (T) Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF- MASK -STB- RD + OBF • MASK- ACK- WR) 

(2) When theMPD8255A is set to Mode 1 or 2, OBF is reset to be high (logic 1). 



ThejuPD8255A can be operated in modes (0, 1 or 2) which are selected by appropriate 
control words and are detailed below. 

• MODE provides for basic Input and Output operations through each of the ports 
A, B, and C, Output data is latched and input data follows the peripheral No "hand- 
shaking" strobes are needed 
1 6 different configurations m MODE 
Two 8-bit ports and two 4-bit ports 
Inputs are not latched 
Outputs are latched 

MODE 1 provides for Strobed Input and Output operations with data transferred 
through Port A or B and handshaking through Port C 
Two I/O Groups (I and II) 

Both groups contain an 8-bit data port and a 4-bit control/data port 
Both 8bit data ports can be either Latched Input or Latched Output 
MODE 2 provides for Strobed bidirectional operation using PAo-7 as the bidirec- 
tional latched data bus PC3.7 is used for interrupts and "handshaking" bus flow 
controls similar to Mode 1 Note that PBq-? and PCo-2 i^nay be defined as Mode 
or 1, input or output in conjunction with Port A in Mode 2 
An 8-bit latched bidirectional bus port (PAq-?) and a 5-bit control port (PC3.7) 
Both inputs and outputs are latched 
An additional 8-bit input or output port with a 3-bit control port 



MODES 
MODEO 



MODE 1 



MODE 2 
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BASIC OPERATION 



FORMATS 



INPUT OPERATION (READ) 


Al 


aq 


RD 


WR 


cs 













1 





PORT A — »-DATA BUS 





1 





1 ' 


PORT B—»-DATA BUS 


1 








1 1 


PORT C — »-DATA BUS 




OUTPUT OPERATION (WRITE) 


Al 


AO 


RD 


wrI 


cs 










1 








DATA BUS -•►PORT A 





1 


1 








DATA BUS-*-PORT B 


1 





1 





DATA BUS-^PORTC 


1 


1 


1 


1 


DATA BUS -•►CONTROL 










DISABLE FUNCTION 




Al 


Ao 


RD 


WR 


cs 






X 


X 


X 


X 


1 


DATA BUS-*- 
HIGH Z STATE 




X 


X 


1 


1 





DATA BUS-*- 
HIGH Z STATE 





NOTES © X means "DO NOT CARE " 

(2) All conditions not listed are illegal and should 
be avoided 



/^r\ 






/^TA 



MODE DEFINITION 



MODE SET FLAG 




BIT/RESET 



Package Outlines 

For information, see Paclcage Outiine Section 7. 



Plastic, |jiPD8255AC-5 
Ceramic, |xPD8255AD-5 
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Notes 
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PROGRAMMABLE DMA CONTROLLER 

DESCR IPTION The jliPD8257 is a programmable four-channel Direct Memory Access (DMA) con- 
troller, it is designed to simplify high speed transfers between peripheral devices and 
memories. Upon a peripheral request, the juPD8257 generates a sequential memory 
address, thus allowing the peripheral to read or write data directly to or from memory. 
Peripheral requests are prioritized within the juPD8257 so that the system bus may be 
acquired by the generation of a single HOLD command to the 8080A. DMA cycle 
counts are maintained for each of the four channels, and a control signal notifies the 
peripheral when the preprogrammed member of DMA cycles has occurred. Output 
control signals are also provided which allow simplified sectored data transfers and 
expansion to other juPD 8257 devices for systems requiring more than four DMA 
channels. 

FEATURES • Four Channel DMA Controller 

• Priority DMA Request Logic 

• Channel Inhibit Logic 

• Terminal Count and Modulo 128 Outputs 

• Automatic Load Mode 

• Single TTL Clock 

• Single +5V Supply ±10% 

• Expandable 

• 40 Pin Plastic Dual-ln-Llne Package 



PIN CONFIGURATION 



i/or C 
i/ow C 

MEMR C 
MEMW C 

markC 

READY C 

hldaC 

ADDSTB C 
AEN C 

hrqC 

csC 

clkC 

RESET C 
DACK2 C 
DACK3 C 
DRQ3C 
DRQ2 C 
DRQi C 
DRQo C 

gndC 




PIN NAMES 



D7-D0 


Data Bus 


A7.A0 


Address Bus 


l/OR 


I/O Read 


l/OW 


I/O Write 


iVJEiVIR 


Memory Read 


MEMW 


Memory Write 


CLK 


Clock Input 


RESET 


Reset Input 


READY 


Ready 


HRQ 


Hold Request (to B080A) 


HLDA 


Hold Acknowledge (from 8080A) 


AEN 


Address Enable 


ADSTB 


Address Strobe 


TC 


Terminal Count 


MARK 


Modulo 128 Mark 


DRQ3-DRQ0 


DMA Request Input 


DACK3-DACK0 


DMA Acknowledge Out 


CS 


Chip Select 


vcc 


+5 Volts 


GND 


Ground 
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fiPD8257 




_,„,„ BLOCK DIAGRAM 



Operating Temperature C to +70 C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin -0.5 to +7 Volts ® 

Power Dissipation 1 Watt 

Note: ® With Respect to Ground 

Ta = 25°C 

*COMMENT: Stress above those listed under "Absolute Maxinnum Ratings" nnay cause pernnanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
innplied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 



Tg = 0°C to +70°C; Vqq = +5V ±10% GND = 


= 0V 








PARAMETER 




LIMITS 


UNIT 


TEST CONDITIONS 




MIN. 


MAX. 


Input Low Voltage 


V|L 


-0.5 


0.8 


Volts 




Input High Voltage 


V|H 


20 


VcC + 0-5 


Volts 




Output Low Voltage 


Vol 




0.45 


Volts 


'OL = 1 6 mA 


Output High Voltage 


VOH 


2.4 


Vqc 


Volts 


Iqh = -150/iAforAB, 

DB and AEN 

'oh = - 80 /iA for others 


HRQ Output High Voltage 


Vhh 


33 


Vcc 


Volts 


Iqh = -80mA 


Power Supply Current 


'CO 




100 


mA 


8257-2 




120 


mA 


8257-5 


Input Leakage 


'IL 


-10 


10 


,JK 


< V|N < Vcc 


Output Leakage During Float 


'OFL 


-10 


10 


iJK 


45< VouT< Vcc 



DC CHARACTERISTICS 



Tg = 25*'C;Vcc = GND = 0V 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


Input Capacitance 


^IN 






10 


pF 


fj. = 1MHz 


I/O Capacitance 


^1/0 






20 


PF 


Unmeasured pins 
returned to GND 
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CAPACITANCE 



AC CHARACTERISTICS 

PERIPHERAL (SLAVE) MODE 

8080 BUS PARAMETERS 



BUS PARAMETERS 

Tg = 0°C to 70°C, Vcc = 5V ± 10%, GND = OV ® 



HPD8257 



PARAMETER 


SYMBOL 


LIMITS 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MPD8257-2 


MPD8257-5 


MIN |maX 


MIN |mAX 


READ 


Adr or CSi Setup to Rdi 


Tar 


20 









ns 




Adr or CS-^ Hold from Rdt 


Tra 


20 









ns 




Data Access from Rdfi 


Trde 





140 





170 


ns 


Ci_ = 100 pF 


DB-- Float Delay from RdT 


Trdf 


10 


100 


20 


100 


ns 
ns 


Ci_= 100 pF 
Cl= 15pF 


RdWidth 


Trw 


200 




250 




ns 




WRITE 


Adr Setup to Wr 4 


Taw 


20 




20 




ns 




Adr Hold from Wrt 


TwA 


20 









ns 




Data Setup toWri 


Tdw 


100 




200 




ns 




Data Hold from Wrt 


TWD 


20 









ns 




WFWidth 


TWWS 


100 




200 




ns 




OTHER TIMING 


Reset Pulse Width 


TrsTW 


300 




300 




ns 




Power Supply t(Vcc) Setup to Reset! 


TRSTD 


500 




500 




MS 




Signal Rise & Fall Times 


TpTf 




20 




20 






Reset to First lOWR 


Trsts 


2 




2 




tCY 





Note (T) All timing measurements are made at the following reference voltages u 
at 2 OV, "0" at 8V, Output "1" at 2 OV, "0" at 8V 



;s specified otherwise Input "1" 



TIMING WAVEFORMS READ TIMING 
PERIPHERAL (SLAVE) MODE 



CHIP SELECT 



ADDRESS BUS 



WRITE TIMING 



CHIP SELECT 



ADDRESS BUS 



RESET TIMING 
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■^. 



X 



"^5 Trw ^"^ 



.r 



X 



<ZZ^ 



^. 



-Taw- 



X 



-Taw- 



j'-^s: 



Jr 



-Trstd- 



-t,^ 



TwA 



.r 



X 



X 



trsts Twws 



HPD8257 



Ta = 0°C to l(fC, Vcc = +5V ± 10%, GND = OV 

Timing Requirements 



AC CHARACTERISTICS 
DMA (MASTER) MODE 





SYMBOL 


limits 


LIMITS 


UNIT 


TEST 
CONDITIONS 


,*PD8257-2 


^PD8257-5 


MIN 


MAX 


MIN 


MAX 


Cycle Time (Period) 


TCY 


200 


4 


320 


4 


fiS 




Clock Active (High) 


le 


80 




80 


BTcY 


ns 




DRQt Setup to fll (SI, S4) 


Tqs 


50 




120 








DRQl Hold from HLDAt 


Ton 

















HRQt or 1 Delay from ^t (SI, S4) 
(measured at 2 OV) 


Tdq 




160 




160 


ns 




HRQt or I Delay from e\ (SI, S4) 
(measured at 3 3V) 


"■"dqi 




200 




250 


ns 


(D 


HLDAt or ISetup to e\ (SI, S4) 


Ths 


50 




100 




ns 




AENt Delay from «1 (S1) 


Tael 




150 




300 


ns 




AENl Delay from flt (SI) 


Taet 




150 




200 


ns 




Adr (AB) (Active) Delay from AENt (SI) 


Taea 


20 




20 




ns 


© 


Adr (AB) (Active Delay from (?t (SI) 


Tfaab 




200 




250 


ns 


(D 


Adr (AB) (Float) Delay from e\ (SI) 


Tafab 




150 




150 


ns 


(D 


Adr (AB) (Stable) Delay from e\ {S^) 


Tasm 




200 




250 


ns 


(D 


Adr (AB) (Stable) Hold from e\ (S1) 


Tah 


TaSM-50 




TaSM-50 






(D 


Adr (AB) (Valid) Hold from Rdt (S2, SI) 


"■"ahr 


60 




60 




ns 


® 


Adr (AB) (Valid) Hold from Wrt (S1, SI) 


Tahw 


100 




300 




ns 


® 


Adr (DB) (Active) Delay from d\ (S^) 


"■■fadb 




150 




300 


ns 


(D 


Adr (DB) (Float) Delay from e\ (S2) 


Tafdb 


Tstt 


140 


Tstt +20 


170 


ns 


(D 


Adr (DB) Setup to Adr Stbl (S1-S2) 


Tass 


100 




100 




ns 


® 


Adr (DB) (Valid) Hold from Adr Stbl (S2) 


Tahs 


20 




50 




ns 





Adr Stbt Delay from e\ (S1) 


TSTL 




150 




200 


ns 




Adr Stbl Delay from e\ (S2) 


Tstt 




140 




140 


ns 




Adr Stb Width (SI -S2) 


■""sw 


TcY-100 




TcY-100 




ns 


® 


RDi or Wr(Ext)l Delay from Adr 
Stbl (S2) 


Tasc 


20 




70 




ns 


® 


RDI or Wr (Ext)l Delay from Adr <DB) 
(Float) (S2) 


Tdbc 







20 




ns 


® 


DACKt or IDelay from e\ (S2, S1) and 
TC/Mark t Delay from d\ (S3) and 
TC/Mark 1 Delay from e\ (S4) 


Tak 




200 




250 


ns 


(D 


RdT or Wr (Ext) J Delay from e\ (S2) and 
WiT Delay from (9 1 (S3) 


Tdcl 




150 




200 


ns 


(D© 


Rdt Delayfromfll(Sl,SI)and 
Wrt Delay from et(S4) 


Tdct 




150 




200 


ns 


@® 


Rd or Wr (Active) from d\ (S1) 


Tfac 




200 




300 


ns 


(D 


Rd or Wr (Float) from e\ (SI) 


Tafc 




150 




150 


ns 


(D 


Rd Width (S2-S1 or SI) 


Trwm 


2TCY + 
T^-50 




2TcY + 
Tg-50 




ns 


® 


Wr Width (S3-S4) 


TWWM 


TcY-50 




TcY-50 




ns 


® 


Wr (Ext) Width (S2-S4) 


Twwme 


2TCY-50 




2TCY-50 




ns 


® 


READY Set Up Time to e\ (S3, Sw) 


Trs 


30 




30 




ns 




READY Hold Time from flt (S3, Sw) 


T.H 


30 




30 




ns 





1 Load = 1 TTL 

2 Load = 50 pF 

3 Load = Vqh = 3 3V 

4 Tracking Specification 

5 AT/^K <50 ns 

6 ^Tdcl <50 ns 

7 AT[)CT <50 ns 
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TIMING WAVEFORMS 
DMA (MASTER) MODE 



-CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 



-CONTROL OVERRIDE SEQUENCE - 

X 



I 

CJ1 



S2 I S3 I S4 I SI I S2 I S3 I S4 I Si | SI | SO | SI j S2 | S3 | 54 | SI | SI | SO 




— — MEMWR/t/O WR 



— — —READY 



— — TC/MARK 




o 

00 
Ol 



/iPD8257 



TheiLiPD8257 is a programmable, Direct Memory Address (DMA) device. When used 
with an 8212 I/O port device, it provides a complete four-channel DMA controller for 
use in 8080A/808085A based systems. Once initialized by an 8080A/8085A CPU, the 
)UPD8257 will block transfer up to 16,364 bytes of data between memory and a 
peripheral device without any attention from the CPU, and it will do this on all 
4-DMA channels. After receiving a DMA transfer request from a peripheral, the follow- 
ing sequence of events occurs within the jLtPD8257. 

• It acquires control of the system bus (placing 8080A/8085A in hold mode) . 

• Resolves priority conflicts if multiple DMA requests are made. 

• A 16-bit memory address word is generated with the aid of an 8212 in the follow- 
ing manner: 

The )UPD8257 outputs the least significant eight bits (Ag-Ay) which go directly 
onto the address bus. 

The jLtPD8257 outputs the most significant eight bits (Ag-A -| 5) onto the data bus 
where they are latched into an 8212 and then sent to the high order bits on the 
address bus. 

• The appropriate mepnory and I/O read/write control signals are generated allowing 
the peripheral to receive or deposit a data byte directly from or to the appropriate 
memory location. 

Block transfer of data (e.g., a sector of data on a floppy disk) either to or from a 
peripheral may be accomplished as long as the peripheral maintains its DMA Request 
(DRQp). The jUPD8257 retair^s control of the system bus as long as DRQp, remains 
high or until the Terminal Count (TO is reached. When the Terminal Count occurs, 
TC goes high, informing the CpU that the operation is complete. 

There are thfee different modes of operation: 

• DMA read, which causes data to be transferred from memory to a peripheral; 

• DMA write, which causes data to be transferred from a peripheral to memory; and 

• DMA verify, which does not actually involve the transfer of data. 

The DMA read and write modes are the normal operating conditions for the iuPD8257. 
The DMA verify mode responds in the same manner as read/write except no memory 
or I/O read/write control signals are generated, thus preventing the transfer of data. 
The peripheral gains control of the system bus and obtains DMA /Acknowledgements 
for its requests, thus allowing it to access each byte of a data block for check purposes 
or accumulation of a CRC (Cyclic Redundancy Code) checkword. In some applica- 
tions it is necessary for a block of DMA read or write cycles to be followed by a block 
of DMA verify cycles to allow the peripheral to vefify its newly acquired data. 



FUNCTIONAL 
DESCRIPTION 
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DMA OPERATION 



Internally theMPD8257 contains six different states (SO, S1,S2, S3, S4 and SW). The 
duration of each state is determined by the input clock. In the idle state, (SI), no 
DMA operation is being executed. A DIVIA cycle is started upon receipt of one or more 
DiVIA Requests (DROp), then the jliPD8257 enters the SO state. During state SO a Hold 
Request (HRQ) is sent to the 8080A/8085A and the iuPD8257 waits in SO until the 
8080A/8085A issues a Hold Acknowledge (HLDA) back. During SO, DMA Requests 
are sampled and DMA priority is resolved (based upon either the fixed or priority 
scheme). After receipt of HLDA, the DMA Acknowledge line (DACK^) with the high- 
est priority is driven low, selecting that particular peripheral for the DMA cycle. The 
DMA Request line (DRQp) must remain high until either a DMA Acknowledge 
(DACKp,) or both DACKp and TC (Terminal Count) occur, indicating the end of a 
block or sector transfer (burst model). 

The DMA cycle consists of four internal states; SI , S2, S3 and S4. If the access time of 
the memory or I/O device is not fast enough to return a Ready command to the 
iuPD8257 after it reaches state S3, then a Wait state is initiated (SW). One or more 
than one Wait state occurs until a Ready signal is received, and the /iPD8257 is allowed 
to go into state S4. Either the extended write option or the DMA Verify mode may 
eliminate any Wait state. 

If the )uPD8257 should lose control of the system bus (i.e., HLDA goes low)then the 
current DMA cycle is completed, the device goes into the SI state, and no more DMA 
cycles occur until the bus is reacquired. Ready setup time (tRs)/ write setup time 
(tDw), read data access time (tpo) and HLDA setup time (tQg) should all be carefully 
observed during the handshaking mode between the jLtPD8257 and the 8080A/8085A. 

During DMA write cycles, the I/O Read (I/O R) output is generated at the beginning 
of state S2 and the Memory Write (MEMW) output is generated at the beginning of 
S3. During DMA read cycles, the Memor y Read (MEMR) output is generated at the 
beginning of state S2 and the I/O Write (I/O W) goes low at the beginning of state S3. 
No Read or Write control signals are generated during DMA verify cycles. 



DMA OPERATION 
STATE DIAGRAM 



RESET 




READY •VERIFY 

S3 J H SW 

READY + VERIFY 



READY 
READY 



HRQ + HLDA 



Notes © HRQ is set if DRQp is active. 

HRQ IS reset if DRQp is not active. 
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TYPICAL iLiPD8257 

SYSTEM INTERFACE SCHEMATIC 
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8080A 

HOLD 

HLDA 

DBIN 

WR 

SYNC 

READY 

RESET 
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26 
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9 17 
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8224 

STSTB 
02(TTL) 


5 19 


8 12 
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7 10 
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5 .? 






















2 


1 r^2- 


4 19 
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11 




5 21 


20 _ 


























6 8 
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r 










0- r 
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2/1 15 




MEMW 

TTOR 

l/OW 

, INTA 

BUSEN 


D^6 |." 




























J9„ 

-.7 
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d23 ' 
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,7 


10 




















_-9 




30 


HLDA HRQ 

mpd 

8257 

RESET 
CLK 
CS 
READY 

AEN ADSTB 


32 






6 






Z/ i 










29 


33 








28 








' 


27 


35 








26 


37 












23 


38 










22 


39 










21 


40 1 












3 ^ 


ffll^ 














4° 


q25 


•k 






II 






1° 


18 








1 1 






2n 








1 1 






13 f 


24 










1 ! 






^2, 


17 








CHIP SELECT 
READY 




















6° 


314 














• ^6 








D^^ 






36 






5 


* 












9 

> 
13 


8 
1 
















^ 






3 


DS2 STB 

8212 

CLR 

MD DS1 


4 




DISABLE I/O 


5 


6 






7 


8 






9 


10 






16 


15 






18 


17 






20 


19 






1 


22 


21 




vcc-il<3 




GND 






^, 



ADDRESS 
BUS 



DATA 
BUS 



CONTROL 
RUS 



DRQq 
DACKo 

DRQi 
DACKi 

DRQ2 
DACK2 

DRQ3 
DACK3 

TC 
MARK 
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Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, JJLPD8257C-5 
Ceramic, ^.PD8257D-5 
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Notes 
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(iPD8259A 
fiPD8259A-2 



PROGRAMMABLE INTERRUPT CONTROLLER 



DESCRIPTION The NEC iuPD8259A is a programmable interrupt controller directly compatible with 
the 8080A/8085A/8086/8088 microprocessors. It can service eight levels of interrupts 
and contains on-chip logic to expand interrupt capabilities up to 64 levels with the 
addition of other jliPD8259As. The user is offered a selection of priority algorithms to 
tailor the priority processing to meet his system requirements. These can be dynami- 
cally modified during operation, expanding the versatility of the system. 
The jLtPD8259A is completely upward compatible with the juPD8259-5, so software 
written for the iuPD8259-5 will run on the /iPD8259A and ^PD8259A-2. 



FEATURES • Eight Level Priority Controller 

• Programmable Base Vector Address 

• Expandable to 64 Levels 

• Programmable Interrupt Modes (Algorithms) 

• Individual Request Mask Capability 

• Single +5V Supply (No Clocks) 

• Full Compatibility with 8080A/8085A/8086/8088 



PIN CONFIGURATION p-^ 




PIN NAMES 



D7-D0 


Data Bus (Bi-Directional) 


RD 


Read Input 


WR 


Write Input 


Ao 


Command Select Address 


CAS2 - CASO 


Cascade Lmes 


SP/EN 


Slave Program Input/ 
Enable Buffer 


INT 


Interrupt Output 


Tnta 


Interrupt Acknowledge Input 


IRO-iR? 


Interrupt Request Inputs 


C? 


Chip Select 
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P. 


I/O 


Function 


No. 


Symbol 


1 




1 


Chip Select. When CS is low, the CPU can read from the 
wnte to the 8259A INTA operates independently of CS 


2 


m 





Write. The 8259A can receive command words from the CPU 
when both WR and CS are low 


3 


m 


1 


Read. When both RD and CS are low, the 8259A sends 
status onto the dta bus for the CPU to read 


4-11 


Dj-Dq 


I/O 


interrupt-vector data 


12, 13, 15 


CAS0-CAS2 


I/O 


Cascade lines. These lines are used as a bus which controls 

8259A IS a master, these lines are outputs When an 8259A is 
used as a slave, the lines are inputs 


14 


GND 


1 


Ground. 


16 


SF/§N 


I/O 


This IS a dual-function pin 

Slave Program. When SP = 1, the 8259A operates as a 

master When SP = 0, the 8259A operates as a slave 

Enable Buffer. This is an output to enable buffer transceivers 


17 


INT 





Interrupt. When the 8259A receives a valid interrupt request, 
INT goes high to interrupt the CPU This pin should be con- 
nected directly to the interrupt pin on the CPU 


18-25 


IR0-IR7 


1 


operate in two modes In Edge Triggered mode, the input 
must be raised from low to high and held high until acknowl- 
edged The Level Triggered mode requires only a high 


26 


WfK 


1 


pulses to this input, the 8259A releases interrupt-vector data 
onto the 
data bus 


27 


Ao 


1 


WR, to decode command words written by the CPU Aq is used 
with CS and FfCJ to decode status for the CPU to read Aq is 

an lAPX 86, 88) 



CO 






CASCADE 

BUFFER/ 

COMPARATOR 




CONTROL LOGIC 



HI 







2 



INTERRUPT 
REQUEST 
REGISTER 



INTERRUPT MASK REGISTER (IMR) 



PIN IDENTIFICATION 



BLOCK DIAGRAM 



Operating Temperature 0°C to +70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin -0.5 to +7 Volts ® 

Power Dissipation 1W 

Note: Q^ With respect to ground. 

Ta = 25°C 

♦COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 6 — 232 



ABSOLUTE MAXIMUM 
RATINGS* 



f/PD8259A 



FUNCTIONAL INTERRUPT REQUEST REGISTER (IRR) AND IN-SERVICE REGISTER (ISR) 
UtoUnlr lUiN ji^g interrupt request register and in-service register store the in-coming interrupt 

request signals appearing on the IRO-7 lines (refer to functional block diagram). The 
inputs requesting service are stored in the IRR while the interrupts actually being 
serviced are stored in the ISR. 

A positive transition on an IR input sets the corresponding bit in the Interrupt Request 
Register, and at the same time the I NT ou tput of the jLtPD8259 is set high. The IR input 
line must remain high until the first INTA input has been received. Multiple, non- 
masked interrupts occurring simultaneously can be stored in the IRR. The incoming 
INTA sets the appropriate ISR bit (determined by the programmed interrupt algorithm) 
and resets the corresponding IRR bit. The ISR bit stays high-active during the interrupt 
service subroutine until it is reset by the programmed End-of- Interrupt (EOl) command. 

PRIORITY RESOLVER 

The priority resolver decides the priority of the interrupt levels in the IRR. When the 
highest priority interrupt is determined it is loaded into the appropriate bit of the 
In-Service register by the first INTA pulse. 

DATA BUS BUFFER 

The 3-state, 8-bit, bi-directional data bus buffer interfaces the jliPD8259 to the 
processor's system bus. It buffers the Control Word and Status Data transfers between 
the /iPD8259 and the processor bus. 

READ/WRITE LOGIC 

The read/write logic accepts processor data and stores it in its Initialization Command 
Word (ICW) and Operation Command Word (OCW) registers. It also controls the 
transfer of the Status Data to the processor's data bus. 

CHIP SELECT (ci) 

The /iPD8259 is enabled when an active-low signal is received at this input. Reading 
or writing of the juPD8259 is inhibited when it is not selected. 

WRITE (WR) 

This active-low signal instructs theiuPD8259 to receive Command Data from the 
processor. 

READ (RD) 

When an active-low signal is received on the RD input, the status of the Interrupt 
Request Register, In-Service Register, Interrupt Mask Register or binary code of the 
Interrupt Level is placed on the data bus. 

INTERRUPT (INT) 

The interrupt output from the azPD8259 is directly connected to the processor's INT 
input, the voltage levels of this output are compatible with the 8080A/8085A/ 
8086/8088. 

INTERRUPT MASK REGISTER (IMR) 

The interrupt mask register stores the bits for the Individual Interrupt bits to be masked. 
The IMR masks the data in the ISR. Lower priority lines are not affected by masking a 
higher priority line. 
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INTERRUPT ACKNOWLEDGE (INTA) 

INTA pulses cause the jliPD8259A to put vectoring information on the bus. The num- 
ber of pulses depends upon whether the iuPD8259A is in jliPD8085A mode or 8086/ 
8088 mode. 



FUNCTIONAL 

DESCRIPTION 

(CONT.) 



Aq _ _ 

Aq is usually connected to the processor's address bus. Together with WR and RD 
signals it directs the loading of data into the command register or the reading of 
status data. The following table illustrates the basic operations performed. Note that 
it is divided in_to^ three functions: Input, Output and Bus Disable distinguished by the 
RD,WR, and OS inputs. 



MPD8259A BASIC OPERATION | 


AO 


D4 


D3 


RD 


WR 


CS 


PROCESSOR INPUT OPERATION (READ) 



1 










1 
1 






IRR, ISRor IR^ Data Bus® 
IMR-> Data Bus 




PROCESSOR OUTPUT OPERATION (WRITE) 






1 




1 
X 



1 

X 
X 


1 
1 
1 

1 














Data Bus ^ 0CW2 

Data Bus -> 0CW3 

Data Bus ^ICWI 

Data Bus ^OCWI, ICW2, ICW3 ® 


DISABLE FUNCTION 


X 
X 


X 
X 


X 
X 


1 

X 


1 
X 




1 


Data Bus -^ 3-State 
Data Bus -> 3-State 



Notes: ® The contents of 0CW2 written prior to the READ operation governs the 
selection of the IRR, ISR or Interrupt Level. 
Q) The sequencer logic on the jliPD8259A aligns these commands in the 
proper order. 



CASCADE BUFFER/COMPARATOR. (For Use in Multiple juPD8259 Array.) 

The IDs of all iLtPD8259As are buffered and compared in the cascade buffer/com- 
parator. The master jLtPD8259A sends the ID of the interrupting slave device along 
the CASO, 1, 2 lines to all slave devices. The cascade buffe r/com parator compares its 
preprogrammed ID to the CASO, 1, 2 lines. The next two INTA pulses strobe the pre- 
programmed, 2 byte CALL routine address onto the data bus from the slave whose ID 
matches the code on the CASO, 1, 2 lines. 



SLAVE f ROGRAM (SP). (For Use in Multiple iuPD8259A Array.) 

The interrupt capability can be expanded to 64 levels by cascading multiple iuPD8259As 
in a master-plus-slaves array. The master controls the slaves through the CASO, 1, 2 
lines. The SP input to thedevice selects the CASO-2 lines as either outputs (SP=1 ) for 
the master or as inputs (SP=0) for the slaves. For one device only the SP must be set 
to a logic "^" since it is functioning as a master.. 
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DC CHARACTERISTICS T3 .o-ctoTO^c, Vcc = +5V± 10% 



PARAMblbH 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


Input Low Voltage 


V|L 


-0.5 


08 


V 




Input High Voltage 


V|H 


20 


Vcc + 0.5V 


V 




Output Low Voltage 


Vol 




45 


V 


Iql = 2 2 mA 


Output High Voltage 


VOH 


24 




V 


Iqh = -400mA 


Interrupt Output- 


VOH-INT 


2.4 




V 


lOH = -400,.A 


High Voltage 




3.5 




V 


Iqh = -100mA 


Input Leakage Current 
for other inputs 


'LI 


-10 


10 


IjA 


< V|N < Vcc 


Output Leakage Current 


"lol 


-10 


+ 10 


M 


0.45 < VoUT ^ Vcc 


Vcc Supply Current 


'cc 




85 


mA 





CAPACITANCE Tg = 25°C; Vqc = GND = OV 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


Input Capacitance 


C|N 




10 


PF 


fc = 1 MHz 


I/O Capacitance 


C|/0 




20 


PF 


Unmeasured Pins 
Returned to Vss 



AC CHARACTERISTICS Ta = 0°Cto70°C,Vcc = 5V±10% 

Tinning Requirements 



PARAMETER 


SYMBOL 


/iPD8259A 


;iPD8259A-2 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


MIN 


MAX 


AO/CS Setup to RD/INTAl 


^AHRL 












ns 




A0/C5 Hold after R6/iNVAt 


*RHAX 












ns 




rS Pulse Width 


^RLRH 


235 




160 




ns 




A0/S5 Setup to WRl 


*AHWL 












ns 




AO/CS Hold after WRt 


tWHAX 












ns 




Wr Pulse Width 


*WLWH 


290 




190 




ns 




Data Setup to wRt 


*DVWH 


240 




160 




ns 




Data Hold after WHt 


tWHDX 












ns 




Interrupt Request Width (Low) 


tjUH 


100 




100 




ns 


® 


Cascade Setup to Second or Third 
INTAl (Slave Only) 


tCVIAL 


55 




40 




ns 




End of RD to Next Command 


tRHRL 


160 




160 




ns 




End of WR to Next Command 


tWHRL 


190 




190 




ns 




End of Command to next Command 
(Not same command type) 


TCHCL 


500 




500 




ns 


(D 


End of INTA sequence to next 
INTA sequence 



Note: This IS the low time required to clear the input latch in the edge triggered mode 

(D Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (1 e 
8085A = 16^, 8085A-2 =1 ^s, 8086 = 1^, 8086-2 = 625 ns) 
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Timing Responses 



PARAMETER 


SYMBOL 


^PD8259A 


/iPD8259A-2 


UNIT 


TEST 
CONDITIONS 


MiN 


MAX 


MIN 


MAX 


Data Valid from RD/iNTAl 


tRLDV 




200 




120 


ns 


C of Data Bus = lOOpF 
C of Data Bus 
Max Test C = 100 pF 
Mm Teste = 15 pF 

C|NT = 100 pF 
^CASCADE = 100 pF 


Data Float after RD/INTAt 


tRHDZ 


10 


100 


10 


85 


ns 
















Interrupt Output Delay 


tjHIH 




250 




300 


ns 


Cascade Valid from First INTAl 
(Master Only) 


t|ALCV 




565 




360 


ns 


Enable Active from RDl or INTAt 


tRLEL 




125 




100 


ns 


Enable Inactive from RDt or INTAt 


tRHEH 




150 




150 


ns 


Data Valid from Stable Address 


tAHDV 




200 




200 


ns 


Cascade Valid to Valid Data 


tCVDV 




300 




200 


ns 



AC CHARACTERISTICS 
(CONT.) 



INPUT WAVEFORMS FOR AC TESTS 



2.4- 



0.45- 



ADDRESS BUS 
Ao 



ADDRESS BUS 
Ao 



-2.0^ ^2.0- 

>TEST POINTS « 
-0.8 0.8- 



J^TEST POINTS <r 



\ 



1 



WRITE MODE 

— tWLWH - 



/ 



Ik 



K 



K 



^. 



>: 



READ/INTA MODE 

tRLRH 



f 



^; 



— tRLDV - 
-tAHDV — 



\ 



r 



K 



y 



OTHER TIMING 
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TIIVIING 
WAVEFORMS 



\ /r — ^«HRL — ^\ / 

\ A ^^««'- H\ / 
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TIMING WAVEFORMS 
(CONT.) 



DETAILED OPERATIONAL 
DESCRIPTION 



INTA SEQUENCE 




INT- 
iNTA- 



/ 



<® 



• y \ 



KZ>-- 



^CVIAL-^ 
tCVDV — 



-TVl 



O- 



— tCVIAL 

IZX. 



— ^lALCV — 



IR TRIGGERING TIMING REQUIREMENTS 



LATCH* 
ARMED 



EARLIEST IR 
CAN BE REMOVED 



LATCH* 
ARMED 



LATCH* 
ARMED 



'K. 



/ 



X 



8086/8088 



f:^ 



8080/8085 



^ 



8086/8088 



\r\rxp' 



8080/8085 



Vr 
r 



*EDGE TRIGGERED MODE ONLY 

The sequence used by the /iPD8259A to handle an interrupt depends upon whether 
an 8080A/8085A or 8086/8088 CPU is being used. 

The following sequence applies to 8080A/8085A systems: 

The /iPD8259A derives its versatility from programmable interrupt modes and the 
ability to jump to any memory address through programmable CALL instructions. The 
following sequence demonstrates how the jliPD8259A interacts with the processor. 

1. An interrupt or interrupts appearing on IRo-7 sets the corresponding IR bit(s) 
high. This in turn sets the corresponding IRR bit(s) high. 

2. Once the IRR bit(s) has been set, the MPD8259A will resolve the priorities 
according to the preprogrammed interrupt algorithm. It then issues an INT signal 
to the processor. 

3. The processor group issues an INTA to the iLiPD8259A when it receives the INT. 

4. The INTA input to the /iPD8259A from the processor gro up sets the highest 
priority ISR bit and resets the corresponding IRR bit. The INTA also signals the 
MPD8259A to issue an S-bit CALL instruction op-code (1 1001 101 ) onto its Data 
bus lines. 

5. The C ALL instruction code instructs the processor group to issue two more 
INTA pulses to the iuPD8259A. 



B 
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6. The two INTA pulses signal the jLtPD8259A to pl ace its preprogrammed interrupt 
vector address onto the Data bus. Th e first INTA releases the low-order 8-bits 

of the address and the second INTA releases the high-order 8-bits. 

7. The juPD8259A's CALL instruction sequence is complete. A preprogrammed 
EOl (End-of-lnterrupt) command is issued to the /iPD8259A at the end of an 
interrt/pt service routine to reset the ISR bit and allow the juPD8259A to service 
the next interrupt. 

For 8086/8088 systems the first three steps are the same as described above, then the 
following sequence occurs: 

4. During the first INTA from the processor, the /iPD8259A does not drive the 
data bus. The highest priority ISR bit is set and the corresponding IRR bit is 
reset. 

5. The juPD8259A puts vector onto the data bus on the second INTA pulse from 
the 8086/8088. 

6. There is no third INTA pulse i n this mode. In the AEOI mode the ISR bit is 
reset at the end of the second INTA pulse, or it remains set until an EOl com- 
mand is issued. 



DETAILED OPERATIONAL 

DESCRIPTION 

(CONT.) 



8080A/8085A MODE 

For these processors, the iuPD8259A is controlled by three INTA pulses. The first 
INTA pulse will cause the iuPD8259A to put the CALL op-code onto the data bus. The 
second and third INTA pulses will cause the upper and lower address of the interrupt 
vector to be released on the bus. 



INTERRUPT 
SEQUENCE 





07 


06 


OS 04 03 


02 


01 


00 


CALL CODE 


1 


1 


Oi 1 


1 





1 ■ 




IR 


lnt*rv«l-4 1 




07 


06 


OS 


04 03 


02 


01 


00 


7 


A7 


A6 


A5 


1 1 


1 








6 


A7 


A6 


A5 


1 1 











5 


A7 


A6 


AS 


1 


1 








4 


A7 


A6 


AS 


1 











3 


A7 


A6 


AS 


1 


1 . 








2 


A7 


A6 


AS 


1 











1 


A7 


A6 


AS 





1 











A7 


A6 


AS 
















IR 


Intervals 8 | 




07 


06 


OS 


04 03 


02 


01 


00 


7 


A7 


A6 


1 


1 1 











6 


A7 


A6 


1 


• 1 











5 


A7 


A6 


1 


1 











4 


A7 


A6 


1 














3 


A7 


A6 





1 1 











2 


A7 


A6 





1 











1 


A7 


A6 





1 














A7, 


A6 


















FIRST INTA 



SECOND INTA 
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INTERRUPT 

SEQUENCE 

(CONT.) 

THIRDTNTA 



A10 I A9 } A8 I 



In this mode only two INTA pulses are sent to the juPD8259A. After the first INTA 
pulse, the juPD8259A does not output a CALL but internally sets priority resolution. 
If it is a maste r, it se ts the cascade lines. The interrupt vector is output to the data bus 
on the second INTA pulse. 





D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


IR7 


T7 


T6 


T5 


T4 


T3 


1 


1 


1 


IR6 


T7 


T6 


T5 


T4 


T3 


1 


1 





IR5 


T7 


T6 


T5 


T4 


T3 


1 





1 


IR4 


T7 


T6 


T5 


T4 


T3 


1 








IR3 


T7 


T6 


T5 


T4 


T3 





1 


1 


IR2 


T7 


T6 


T5 


T4 


T3 





1 





IR1 


T7 


T6 


T5 


T4 


T3 








1 


IRO 


T7 


T6 


T5 


T4 


T3 












INITIALIZATION 
COMMAND WORDS 



ICW1 AND ICW2 

A5-A15. Page starting address of service routines. In an 8085A system, the 8 request 
levels generate CALLs to 8 locations equally spaced in memory. These can be pro- 
grammed to be spaced at intervals of 4 or 8 memory locations, thus the 8 routines 
occupy a page of 32 or 64 bytes, respectively. 

The address format is 2 bytes long (Aq-Aib). When the routine interval is 4, A0-A4 are 
automatically inserted by the iLiPD8259A, while A5-A15 are programmed externally. 
When the routine interval is 8, A0-A5 are automatically inserted by the iLiPD8259A, 
while A6-A15 are programmed externally. 

The 8-byte interval maintains compatibility with current software, while the 4-byte 
interval is best for a compact jump table. 

In an MCS-86 system, T7-T3 are inserted in the five most significant bits of the vector- 
ing byte and the iuPD8259A sets the three least significant bits according to the inter- 
rupt level. A10-A5 are ignored and ADI (Address Interval) has no effect. 

LTIM: If LTIM = 1, then the juPD8259A operates in the level interrupt mode. 

Edge detect logic on the interrupt inputs is disabled. 
ADI : CALL address interval. ADI ^ 1 then interval = 4; ADI = then 

interval = 8. 
SNGL: Single. Means that this is the only juPD8259A in the system. If SNGL = 

1 no ICW3 is issued. 

If this bit is set — ICW4 has to be read. If ICW4 is not needed, set 

IC4 = 0. 



IC4: 



ICW3 

This word is read only when there is more than one juPD8259A in the system and cas- 
cading is used, in which case SNGL = 0. It will load the 8-bit slave register. The func- 
tions of this register are: 

a. In the master mode (either when SP = 1, or in buffered mode when M/S = 1 in 
ICW4) a "1" is set for each slave in the system. The master then releases 
byte 1 of the call sequence (for 8085 A system) and enables the correspond- 
ing slave to release bytes 2 and 3 (for 8086/8088 only byte 2) through the 
cascade lines. 




6-239 



/iPD8259A 



b. In the slave mode (either when SP = 0, or if BUF = 1 and M/S = in ICW4) 
bits 2-0 identify the slave. The slave compares its cascade input with these bits 
and if they are equal, bytes 2 and 3 of the CALL sequence (or just byte 2 for 
8086/8088) are released by it on the Data Bus. 



ICW4 

SFNM: 
BUF: 



M/S: 

AEOI: 

AiPM: 



If SFNM = 1 the special fully nested mode is programmed. 
If BUF = 1 the buffered mode is programmed. In buffered mode SP/EN 
becomes an enable output and the master/slave determination is by 
M/S. 

If buffered mode is selected: M/S == 1 means the juPD8259A is pro- 
grammed to be a master, M/S = means the juPD8259A is programmed 
to be a slave. If BUF = 0, M/S has no function. 
If AEOI = 1 the automatic end of interrupt mode is programmed. 
Microprocessor mode: juPM = sets the /xPD8259A for 8085 A system 
operation, /iPM = 1 sets the )uPD8259A for 8086 system operation. 



INITIALIZATION 
COMMAND WORDS 
(CONT.) 



AO 


D7 


oe 


D6 


M 


09 


02 


01 


00 


!• 


AT 


M 


AS 


1 


LTIM 


ADI 


SNQL 


,«| 


J 


1' 


A15/17 


A14/T6 


A13/T5 


A12/T4 


A11/T3 


A10 


A9 


« 



INITIALIZATION 
SEQUENCE 




$2/102 SI/101 SO/IDO I1CW3 




SFNM BUF 



AEOI xPM I ICW4 



READY TO ACCEPT INTERRUPTS 
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OPPERATIONAL COMMAND Once the iuPD8259A has been programmed with Initialization Command Words, 
WORDS (OCW's) (2) It can be programmed for the appropriate interrupt algorithm by the Operation 

Command Words. Interrupt algorithms in the juPD8259A can be changed at any time 
during program operation by issuing another set of Operation Command Words. The 
following sections describe the various algorithms available and their associated OCW's. 

INTERRUPT MASKS 

The individual Interrupt Request input lines are maskable by setting the corresponding 
bits in the Interrupt Mask Register to a logic "1" through 0CW1. The actual masking 
is performed upon the contents of the In-Service Register (e.g., if Interrupt Request 
line 3 is to be masked, then only bit 3 of the IMR is set to logic "^." The IMR in turn 
acts upon the contents of the ISR to mask bit 3). Once the /xPD8259A has acknowledged 
an interrupt, i.e., the juPD8259A has sent an INT signal to the processor and the system 
controller has sent it an INTA signal, the interrupt input, although it is masked, 
inhibits lower priority requests from being acknowledged. There are two means of 
enabling these lower priority interrupt lines. The first is by issuing an End- of -Interrupt 
(EOl) through Operation Command Word 2 (0CW2), thereby resetting the appro- 
priate ISR bit. The second approach Is to select the Special Mask Mode through 0CW3. 
The Special Mask Mode (SMM) and End-of- Interrupt (EOl) will be described in more 
detail further on. 

FULLY NESTED MODE 

The fully nested mode is the jliPD8259A's basic operating mode. It will operate in this 
mode after the initialization sequence, without requiring Operation Command Words 
for formatting. Priorities are set I Rq through I R7, with I Rq the highest priority. After 
the interrupt has been acknowledged by the processor and system controller, only 
higher priorities will be serviced. Upon receiving an INTA, the priority resolver 
determines the priority of the interrupt, sets the corresponding IR bit, and outputs the 
vector address to the Data bus. The EOl command resets the corresponding ISR bits at 
the end of its service routines. 

Notes: Q) Reference Figure 2 
(2) Reference Figure 3 



B 
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ROTATING PRIORITY MODE COMMANDS OPERATIONAL COMMAND 

The two variations of Rotating Priorities are the Auto Rotate and Specific Rotate WORDS (CONT.) 

modes. These two modes are typically used to service interrupting devices of equivalent 
priorities. 

1. Auto Rotate Mode 

Programming the Auto Rotate Mode through 0CW2 assigns priorities 0-7 to the 
interrupt request input lines. Interrupt line IRq is set to the highest priority and 
IR7 to the lowest. Once an interrupt has been serviced it is automatically 
assigned the lowest priority. That same input must then wait for the devices 
ahead of it to be serviced before it can be acknowledged again. The Auto Rotate 
Mode is selected by programming 0CW2 in the following way (refer to Figure 3): 
set Rotate Priority bit "R" to a logic "1"; program EOl to a logic "1" and SEOI 
to a logic "0." The EOl and SEOI commands are discussed further on. The 
following is an example of the Auto Rotate Mode with devices requesting 
interrupts on lines IR2 and IR5. 

Before Interrupts are Serviced: 



In-Service Register 

Priority Status 
Register 



IS7 


IS6 


IS5 


IS4 


IS3 


IS2 


IS1 


ISO 








1 








1 














IR7 


IR6 


IR5 


IR4 


IR3 


IR2 


IR1 


IRO 



Highest 
Priority 



According to the Priority Status Register, IR2 has a higher priority than IR5 and 
will be serviced first 

After Servicing: 



In-Service Register 



Priority Status 
Register 



IS7 


IS6 


IS5 


IS4 


IS3 


IS2 


IS1 


ISO 








1 





























- 








IR2 


IR1 


IRQ 


IR7 


IR6 


IR5 


IR4 


IR3 



Highest 

Priority 



At the completion of IR2's service routine the corresponding In-Service Register 
bit, IS2 is reset to "0" by the preprogrammed EOl command. IR2 is then assigned 
the lowest priority level in the Priority Status Register. The iuPD8259A is now 
ready to service the next highest interrupt, which in this case, is IR5. 

2. Specific Rotate Mode 

The priorities are set by programming the lowest level through 0CW2. The 
/iPb8259A then automatically assigns the highest priority. If, for example, IR3 is 
set to the lowest priority (bits L2, Li, Lq form the binary code of the bottom 
priority level), then IR4 will be set to the highest priority. The Specific Rotate 
Mode is selected by programming 0CW2 in the following manner: set Rotate 
Priority bit "R" to a logic "1," program EOl to a logic "0," SEOI to a logic "1" 
and L2, Li, Lq to the lowest priority level. If EOl is set to a logic "^," the ISR 
bit defined by L2, Li, Lq is reset. 
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OPERATIONAL COMMAND 
WORDS (CONT.) 



END-OF-INTERRUPT (EOl) AND SPECIFIC END-OF-INTERRUPT (SEOI) 

The End-of- Interrupt or Specific End- of- Interrupt connmand must be issued to reset the 
appropriate In-Service Register bit before the connpletion of a service routine. Once the 
ISR bit has been reset to logic "0," the iuPD8259A is ready to service the next interrupt. 

Two types of EOls are available to clear the appropriate ISR bit depending on the 
iuPD8259A's operating mode. 

1. Non-Specific End-of- Interrupt (EOl) 

When operating in interrupt modes where the priority order of the interrupt inputs 
is preserved (e.g., fully nested mode), the particular ISR bit to be reset at the com- 
pletion of the service routine can be determined. A non-specific EOl command 
automatically resets the highest priority ISR bit of those set.lThe highest 
priority ISR bit must necessarily be the interrupt being servfced and must neces- 
sarily be the service subroutine returned from. 

2. Specific End-of-lnterrupt (SEOI) 

When operating in interrupt modes where the priority order of the interrupt 
inputs is not preserved (e.g., rotating priority mode) the last serviced interrupt 
level may not be known. In these modes a Specific End-of-lnterrupt must be 
issued to clear the ISR bit at the completion of the interrupt service routine. 
The SEOI is programmed by setting the appropriate bits in 0CW3 (Figure 2) 
to logic "1"s. Both the EOl and SEOI bits of 0CW3 must be set to a logic "1" 
with L2, Li, Lq forming the binary code of the ISR bit to be reset. 

SPECIAL MASK MODE 

Setting up an interrupt mask through the Interrupt Mask Register (refer to Interrupt 
Mask Register section) by setting the appropriate bits in 0CW1 to a logic "1" 
inhibits lower priority interrupts from being acknowledged. In applications requiring 
that the lower priorities be enabled while the IMR is set, the Special Mask Mode can be 
used. The SMM is programmed in 0CW3 by setting the appropriate bits to a logic "^." 
Once the SMM is set, the MPD8259A remains in this mode until it is reset. The Special 
Mask Mode does not affect the higher priority interrupts. 

POLLED MODE 

In Poll Mode the processor must be instructed to disable its interrupt input (INT). 
Interrupt service is initiated through software by a Poll Command. Poll Mode is 
programmed by setting the Poll Mode bit in 0CW3 (P = 1), during a WR pulse. The 
following RD pulse is then considered as an interrupt acknowledge. If an interrupt 
input is present, that RD pulse sets the appropriate ISR bit and reads the interrupt 
priority level. Poll Mode is a one-time operation and must be programmed through 
0CW3 before every read. The word strobed onto the Data bus during Poll Mode Is of 
the form: 



D? 


D6 


D5 


D4 


D3 


D2 Di 


Do 


I 


X 


X 


X 


X 


W2 Wi 


Wo 



where: I = 1 If there Is an interrupt requesting service 
= if there are no Interrupts 

W2.0 forms the binary code of the highest priority 
level of the interrupts requesting service 

Poll Mode can be used when an interrupt service routine is common to several inter- 
rupt inputs. The INTA sequence is no longer required, thus saving in ROM space. 
Poll Mode can also be used to expand the number of interrupts beyond 64. 
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s 


^ ^ 


«l 


O4 0, 


0, 


0, 


t^ 







A 


7 *• 


s 


1 LTIM 


AOI 


SNQL 


IC4 








1 ICW4NEEDC0 
• NO ICW4 MEEOCD 
























\ 


























1 - SINGLE 

- CASCADE MODE 






















CALL ADDRESS INTERVAL 
1 • INTERVAL Of 4 
0- INTERVAL Of • 
























1 - LEVEL TRIQQERED MODE 
- EDQE TRIGGERED MODE 


























A,-A- of INTERRUPT 
(MCS-80/86 MODE ONLY) 





























INITIALIZATION COMMAND 
WORD FORMAT 



s 





T 


«v 


«\ 





• 


0| 


o» 


0, 


«V 




!• 


X 


x 


X 


X 


X 


*14 


S 


S 






























A,s-A- OF INTERRUPT 
VECTOR ADDRESS 

(MCS80/8SMO0E) 
T,-T, OF INTERRUPT 
VECTOR ADDRESS 

(8086/6068 MODE) 


A. 


7 





k 


IC 
Q 


■W3 





MT 

« 


ER 






/IC 

c 


El 





s 





b 





r 


h 


h 


S 


s« 


*3 


s 


7 «1 


^1 




























1 




• IR INPUT HAS A SLAVE 
IR INPUT DOES NOT HAVE 
A SLAVE 

































s 


«>» 


Pi 


ICW3 (SLAVE DEVICE) 
t^ D, 0, «^ 





t 


• 




!■ 

















10, 


•0, ID, 




























SLAVE lOt" 











1 


2 


3 


4 


s 


t 


7 









1 





1 





1 





1 














6 





1 


1 








1 


1 






















1 


1 


1 


1 

























0% O4 O3 O2 O1 



1 • 60M/80a8 MODE 
0-MC8-M/66MOOE 



t AUTO E0« 
• NORMA! EOl 



■ ■ , NON6UffE RED MODE 
T" - 6UfFERE0MOOE/SLAVE 
6Uf f EREO MOOE/MASTER 



1 - SPECIAL FULLY NESTED 

MODE 
- NOT SPEQAL FUUV 

NESTED MODE 



NOTE 1 SLAVE 10 IS EQUAL TO THE CORRESPONDING MASTER IR INPUT 
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The following major registers' status is available to the processor by appropriately 
formatting 0CW3 and issuing Wd command. 



INTERRUPT REQUEST REGISTER (8-BITS) 

The Interrupt Request Register stores the interrupt levels awaiting acknowledgement. 
The highest priority in-service bit is reset once it has been acknowledged. (Note that 
the Interrupt Mask Register hasjTO effect on the IRR.) A WR command must be issued 
with 0CW3 prior to Issuing the RD command. The bits which determine whether the 
IRR and ISR are being read from are RIS and ERIS. To read contents of the IRR, ERIS 
must be logic "1" and RIS a logic "0." 

IN-SERVICE REGISTER (8-BITS) 

The In-Service Register stores the priorities of the interrupt levels being serviced. 
Assertion of an End- of- Interrupt (EOl) updates the ISR to the next priority level. A 
WR command must be issued with 0CW3 prior to issuing the RD command. Both ERIS 
and RIS should be set to a logic "1." 

INTERRUPT MASK REGISTER (8-BITS) 

The Interrup t Ma sk Register holds mask data modifying interrupt levels. To read the 
IMR status a WR pulse preceding the RD is not necessary. The IMR data is available to 
the data bus when WD is asserted with Aq at a logic "1." 

A single 0CW3 is sufficient to enable successive status reads providing it is of the same 
register. A status read is over-ridden by the Poll Mode when bits P and ERIS of 0CW3 
are set to a logic "^." 



OPERATION COMMAND 
WORD FORMAT 



Aq O7 De D5 D4 O3 02 Di Do 



r I Me I Ms I 



= Corresponding bit in 

IRR IS masked 
= No mask present for 

the corresponding 

IRR bit 



Aq D7 De D5 D4 D3 02 D 


1 Do 


BINARY LEVEL TO BE RESET 


I 1 R 1 SEO||eOI ] Jo 1 L2 1 L, i Lo 1 





R PUT INTO LOWEST PR l< 


JRITY 












1 







1 


2 


3 


4 


5 


6 


7 









1 





1 





1 





1 


















1 


1 








1 


1 


























1 


1 


1 


1 
























NON-SPECIFIC END OF INTERRUPT 
1 ° Resm the Highest Priority 

Bit of ISR 
- No Action 






















SPECIFIC END OF INTERRUPT 
I-L2, Li, Lo Bits are used 
« No Action 




























ROTATE PRIORITY 



















-N 


ot 


■^ot 


ate 










T^T 



ERIS 



I Read In-Service Register 
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Read IS Reg. on 
NextlTB Pulse 



Read Binary Code of 
Highest Level RaquWing 
Interrupt on Next RD Pulse 



t 


T 


1 Special Mask Modt 








No Action 





1 


No Action 


1 





Read Special Mask 


1 


1 


SM SpecW Mask 



MPD8259A 



INSTRUCTION SET SUMMARY 



SUMMARY OF 8259A INSTRUCTION SET 



AO 07 M 05 04 03 02 01 00 



Operation O«tcrlption 



1 


ICW1 


A 





A7 


A6 


A5 







1 


1 





2 


ICW1 


B 





A7 


A6 


A5 






1 


1 





3 


ICW1 


C 





A7 


A6 


A5 







1 








4 


ICW1 


D 





A7 


A6 


A5 






1 








5 


ICW1 


E 





A7 


A6 













1 





6 


ICW1 


F 





A7 


A6 












1 





7 


ICW1 


G 





A7 


A6 



















8 


ICW1 


H 





A7 


A6 


















9 


ICW1 


1 





A7 


A6 


A5 






1 


1 


1 > 


10 


ICW1 


J 





A7 


A6 


A5 






1 


1 




11 


ICW1 


K 





A7 


A6 


A5 






1 







12 


ICW1 


L 





A7 


A6 


A5 






1 







13 


ICW1 


M 





A7 


A6 












1 




14 


ICW1 


N 





A7 


A6 












1 




15 


ICW1 








A7 


A6 
















^ / 


16 


ICW1 


P 





A7 


A6 

















17 


ICW2 






A15 


A14 


A13 


A12 


All 


A10 


A9 


A8 


18 


ICW3 


M 




S7 


S6 


S5 


S4 


S3 


S2 


SI 


SO 


19 


ICW3 


S 



















S2 


SI 


SO 


20 


ICW4 


A 




























21 


ICW4 


B 



























22 


ICW4 


C 






















1 




23 


ICW4 

























1 




24 


ICW4 


E 



















1 







25 


iCW4 


F 



















1 







26 


ICW4 


G 



















1 


1 




27 


ICW4 


H 



















1 


1 




28 


iCW4 


1 


























29 


ICW4 


J 


























30 


ICW4 


K 





















1 




31 


ICW4 


L 





















1 




32 


ICW4 


M 


















1 







33 


ICW4 


N 


















1 







34 


ICW4 





















1 


1 




35 


•CW4 


P 


















1 


1 




36 


ICW4 


NA 


























37 


ICW4 


NB 
























1 ) 


38 


ICW4 


NC 





















1 





39 


ICW4 


NO 





















1 




40 


ICW4 


NE 


















1 





^ 


41 


iCW4 


NF 


















1 







42 


ICW4 


NG 


















1 


1 




43 


ICW4 


NH 


















1 


1 




44 


ICW4 


Nl 

























45 


ICW4 


NJ 

























46 


ICW4 


NK 




















1 





47 


ICW4 


NL 




















1 




48 


ICW4 


NM 

















1 








49 


ICW4 


NN 

















1 







50 


ICW4 


NO 

















1 


1 





51 


ICW4 


NP 

















1 


1 




52 


0CW1 






M7 


M6 


MS 


M4 


M3 


M2 


Ml 


MO ' 


53 


0CW2 


E 











1 

















54 


0CW2 


SE 








1 


1 








L2 


LI 


LO 


55 


0CW2 


RE 





1 





1 

















56 


0CW2 


RSE 





1 


1 


1 








L2 


LI 


LO 


57 


0CW2 


R 





1 























58 


0CW2 


CR 





























59 


0CW2 


RS 





1 


1 











L2 


LI 


LO 


60 


0CW3 


P 

















1 


1 








61 


0CW3 


RIS 

















1 





1 


1 



Byte 1 Initialization 
No tCW4 Raqulr^ 



Byte 1 Initialization 



Format = 4, single, edge triggered 
Fornnat = 4, single, level triggered 
Format = 4, not single, edge triggered 
Format = 4, not single, level triggered 
Format = 8, single, edge tnggered 
Format = 8, single, level tnggered 
Format s 8, not single, edge triggered 
Format = 8, not single, level triggered 

Format s 4, single, edge triggered 
Format s 4, single, level triggered 
Format » 4, not single, edge triggered 
Format s 4, not single, level triggered 

ICW4 Required Format > 8, single, edge triggered 

Format s 8, single, level triggered 
Format s 8, not single, edge triggered 
Format s 8, not single, level triggered 

Byte 2 initialization 

Byte 3 initialization — master 

Byte 3 initialization — slave 

No action, redundant 

Non-buffered mode, no AEOI, 8086/8088 

Non-buffered mode, AEOI, 80/85 

Non-buffered mode, AEOI, 8086/8088 

No action, redundant 

Non-buffered mode, no AEOI, 8086/8088 

Non-buffered mode, AEOI, 80/85 

Non-buffered mode, AEOI, 8086/8088 

Buffered mode, slave, no AEOI, 80/85 

Buffered mode, slave, no AEOI, 8086/8088 

Buffered mode, slave, AEOI, 80/85 

Buffered mode, slave, AEOI, 8086/8088 

Buffered mode, master, no AEOI, 80/85 

Buffered mode, master, no AEOI, 8086/8088 

Buffered mode, master, AEOI, 80/85 

Buffered mode, master AEOI, 8086, 8088 

Fully nested mode, 8085A, non-buffered, no AEOI 

ICW4 NB through ICW4 ND are identical to 
ICW4 B through ICW4 D with the addition of 
Fully Nested Mode 

Fully Nested Mode, 80/85, non-buffered, no AEOI 



ICW4 NF through ICW4 NP are identical to 
tCW4 F through ICW4 P with the addition of 
Fully Nested Mode 



Load mask register, read mark register 

Non-specific EOl 

Specific EOl, L0-L2 code of IS FF to be reset 

Rotate on Non-Specific EOl 

Rotate on Specific EOl L0-L2 code of line 

Rotate in Auto EOl (set) 

Rotate in Auto EOl (clear) 

Set Priority Command 

Poll mode 

Read IS register 
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SUMMARY OF OPERATION 

COMMAND WORD 

PROGRAMMING 





Ao D4 D3 






0CW1 


1 X X 


M7-M0 


IMR (Interrupt Mask Register) WR loads IMR data while 
R D reads stfitus 


0CW2 





R SEOI EOl 











No Action 


1 


Non-Specific End-oMnterrupt 


1 


No Action 


1 1 


Specif ic-End-of-lnterrupt L2, Li, Lq forms binary representation 
of level to be reset. 


1 


No Action 


1 1 


Rotate Priority at End-of-lnterrupt (Auto Mode) 


1 1 


Rotate Priority, L2, Li, Lq specifies bottom priority without 
End-of-lnterrupt 


1 1 1 


Rotate Priority at End-of-lnterrupt (Specific Mode). L2, Li, Lq 
specifies bottom priority, and its In-Service Register bit is reset. 


0CW3 


1 


ESMM SMM 











Special Mask not affected 


1 


1 


Reset Special Mask 


1 1 


Set Special Mask 


ERIS RIS 







No Action 


1 


1 


Read IR Register Status 


1 1 


Read IS Register Status 



LOWER MEMORY 

INTERRUPT VECTOR 

ADDRESS 







INTERVAL 


= 4 












INTERVAL = 


8 








D7 


D6 


D5 D4 


03 


D2 


Dl 


Do 


D7 


D6 


D5 D4 D3 


D2 


Dl 


Do 


IR7 


A? 


A6 


A5 1 


1 


1 








A7 


A€ 


1 1 1 











IR6 


A7 


A6 


As 1 


1 











A? 


A6 


1 1 











IR5 


A? 


A6 


A5 1 





1 








A? 


A6 


1 1 











IR4 


A? 


A6 


A5 1 














A? 


A6 


1 











IR3 


A? 


A6 


A5 


1 


1 








A7 


A6 


1 1 











IR2 


A? 


A6 


A5 


1 











A7 


A6 


1 











IR1 


A? 


A6 


A5 





1 








A7 


A6 


1 











IRQ 


A? 


A€ 


A5 














A7 


A6 















Note: Insure that the processor's interrupt input is disabled during the execution of any control comnnand and 
initialization sequence for all jLtPD8259A's. 



? 



7\ 



7S 



TS 



i i <>\<> 



. ,1 ,, I ,, 11 



' <>K-> 



> ., II n il , 



V l.v 



i I I .1 1 
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Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, ^PD8259AC 
Cerdip, ^PD8259AD 



6 - 248 8259ADS-REV2-7-83-CAT 



SEC 



fiPD8279-2 
p(PD8279-5 



PROGRAMMABLE KEYBOARD/DISPLAY 
INTERFACE 



DESCRIPTION 



FEATURES 



PIN CONFIGURATION 



The iuPD8279-2 and juPD8279-5 are programmable keyboard and display Input/Output 
devices. They provide the user with the ability to display data on alphanumeric segment 
displays or simple indicators. The display RAM can be programmed as 16 x 8 or a dual 
16x4 and loaded or read by the host processor. The display can be loaded with 
right or left entry with an auto-increment of the display RAM address. 

The keyboard interface provides a scanned signal to a 64 contact key matrix expand- 
able to 128. General sensors or strobed keys may also be used. Keystrokes are stored 
in an 8 character FIFO and can be either 2 key lockout or N key rollover. Keyboard 
entries generate an interrupt to the processor. 

• Programmable by Processor 

• 32 HEX or 16 Alphanumeric Displays 

• 64 Expandable to 128 Keyboard 

• Simultaneous Keyboard and Display 

• 8 Character Keyboard - FIFO 

• 2 Key Lockout or N Key Rollover 

• Contact Debounce 

• Programmable Scan Timer 

• Interrupt on Key Entry 

• Single +5 Volt Supply, ±10% 

• Fully Compatible with 8080A, 8085A, iuPD780 (ZBO™) 

• Available in 40 Pin Plastic Package 




RL2 C 

RI-3 C 2 

CLK C 3 

IRQ C 4 

RL4 C 5 

RL5 C 6 

RL6 C 7 

RL-7 C 8 

RESET C 9 

Ftp C 10 

WR C 11 

DBq C 12 

DBi C 13 

DB2 C 14 

DB3 C 15 

DB4 C 16 

DB5 C 17 

DBe C 18 

DB7 C 19 

VSS C 20 



40 3 Vcc 

39 3 RLl 

38 U RLo 

37 H CNTL/STB 

36 3 SHIFT 

35 3 SL3 

34 3 SL2 

33 3 SLi 

32 3 SLo 

31 3 OUT Bo 

30 3 OUTB1 

29 3 OUTB2 

28 3 OUT B3 

27 3 OUTAq 

26 3 OUTA1 

25 3 OUTA2 

24 3 OUT A3 

23 3 Bp 

22 3 CS 

21 3 Ao 



DB0.7 


Data Bus (Bi-directional) 


CLK 


Clock Input 


RESET 


Reset Input 


CS 


Chip Select 


RD 


Read Input 


WR 


Write Input 


Ao 


Buffer Address 


IRQ 


Interrupt Request Output 


SL0.3 


Scan Lines 


RLo-7 


Return Lines 


SHIFT 


Shift Input 


CNTL/STB 


Control/Strobe Input 


OUT A0.3 


Display <A) Outputs 


OUT B0.3 


Display (B) Outputs 


Sd 


Bland Display Output 



TM Z80 is a registered trademark of Zilog, Inc. 
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The IJLPD827Q has two basic functions: 1 ) to control displays to output and 2) to 
control a keyboard for input. Its specific purpose is to unburden the host processor 
from nnonitoring keys and refreshing displays. The iuPD8279 is designed to directly 
interface the microprocessor bus. The microprocessor must program the operating 
mode to the iuPD8279. These modes are as follows: 



FUNCTIONAL 
DESCRIPTION 



Output Modes 

• 8 or 16 Character Display 

• Right or Left Entry 

Input Modes 

• Scanned Keyboard with Encoded 8x8x4 Key Format or Decoded 4x8x8 
Scan Lines. 

• Scanned Sensor Matrix with Encoded 8 x 8 or Decoded 4x8 Scan Lines 

• Strobed Input. 



BLOCK DIAGRAM 



iZ 



DISPLAY 
ADDRESS 
REGISTERS 



CLK RESET ^^O'l RD WR CS Aq 



n nil t 



DATA 
BUFFERS 



I 



10 CONTROL 



FIFO/SENSOR 

RAM 

STATUS 



II 



INTERNAL DATA BUS (8) 



m 



N 16x8 

V DISPLA 



Iz 



CONTROL AND 

TIMING 

REGISTERS 



iz 



DISPLAY 
REGISTERS 



7S 



TIMING 

AND 

CONTROI 



OUTA03 OUT Bo 3 



FIFO/SENSOR 
RAM 



C 



KEYBOARD 
DEBOUNCE 

AND 
CONTROL 



nr 



L 



J ^^SCAN COUNTEfil I RETURN 



J 



Operating Temperature C to +70 C 

Storage Temperature -65 C to +150 C 

All Output Voltages -0 5 to +7 Volts® 

All Input Voltages -0 5 to +7 Volts® 

Supply Voltages -0 5 to +7 Volts® 

Power Dissipation 1W 

Note ® With respect to Vss 

To = 25° C 



ABSOLUTE MAXIMUM 
RATINGS* 



♦COMMENT. Stress above those hsted under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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PIN IDENTIFICATION 



PIN 


DESCRIPTION 


NO. 


SYMBOL 


NAME 


1,2, 5, 
6, 7, 8, 
38,39 


RLo-7 


Return Lines 


Return line inputs which are connected to the scan 
lines through the keys or sensor switches. They 
have active internal pullups to keep them high until 
a switch closure pulls one low. They also serve as an 
8-bit input in the Strobed Input nnode 


3 


CLK 


Clock 


Clock from system used to generate internal timing 


4 


IRQ 


Interrupt 
Request 


Interrupt Request. In a keyboard mode, the inter- 
rupt line IS high when there is data in the FIFO/ 
Sensor RAM. The interrupt line goes low with each 
FIFO/Sensor RAM read and returns high if there 
IS still information in the RAM. In a sensor mode, 
the interrupt line goes high whenever a change m a 
sensor is detected. 


9 


Reset 


Reset Input 


A high signal on this pin resets the juPD8279. 


10 


RD 


Read Input 


Input/Output read and write. These signals enable 
the data buffers to either send data to the external 
bus or receive it from the external bus. 


11 


WR 


Write Input 


1219 


DBo.7 


Data Bus 


Bi-Directional data bus All data and commands 
between the processor and the /iPD8279 are 
transmitted on these lines. 


20 


vss 


Ground 
Reference 


Power Supply Ground 


21 


AO 


Buffer Address 


Buffer Address. A high on this line indicates the 
signals in or out are interpreted as a command or 
status A low indicates that they are data 


22 


CS 


Chip Select 


Chip Select. A low on this pin enables the inter- 
face functions to receive or transmit. 


23 


BD 


Blank Display 
Output 


Blank Display. This output is used to blank the 
display dunng digit switching or by a display 
blanking command. 


24-27 


OUT Ao.3 


Display A 
Outputs 


These two ports are the outputs for the 16x4 
display refresh registers. The data from these out- 
puts IS synchronized to the scan lines (SL0-SL3) 
for multiplexed digit displays. The two 4-bit ports 
may be blanked independently. These two ports 
may also be considered as one 8-bit port 


28-31 


OUT Bo-3 


Display B 
Outputs 


32-35 


SLo-3 


Scan Lines 


Scan Lines which are used to scan the key switch 
or sensor matrix and the display digits. These 
lines can be either encoded (1 of 16) or decoded 
(1 of 4). 


36 


Shift 


Shift Input 


The shift input status is stored along with the key 
position on key closure in the Scanned Keyboard 
modes. It has an active internal pullup to keep it 
high until a switch closure pulls it low 


37 


CNTL/STB 


Control/ 
Strobe Input 


For keyboard modes this line is used as a control 
input and stored like status on a key closure. The 
line is also the strobe line that enters the data into 
the FIFO in Strobed input mode (Rising Edge) It 
has an active internal pullup to keep it high until 
a switch closure pulls it low 


40 


vcc 


+5V Input 


Power Supply Input 
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Ta = 0°C to +70°C. Vcc = +5V ± 10%, Vss = OV. 



DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Low Voltage for 
Return Lines 


V|L1 


-0 5 




1 4 


V 




Input Low Voltage (Others) 


V|L2 


-0 5 




08 


V 




Input High Voltage for 
Return Lines 


V|H1 


22 






V 




Input High Voltage (Others) 


V|H2 


20 






V 




Output Low Voltage 


Vol 






45 


V 


IOL = 2 2 mA 


Output High Voltage on 
Interrupt Line 


IRQ 

Pin 


+3 5 






V 


IQH = -50mA 


+2 4 


V 


lOH = -400AtA 


OTHERS 


+2 4 






V 


lOH = -400/^ A 


Input Current on Shift, 
Control and Return Lines 


l|L1 






+10 


/iA 


V^N = Vcc 


-100 


HA 


V|iM = OV 


Input Leakage Current 
(Others) 


l|L2 






±10 


/^A 


V|N = VcctoOV 


Output Float Leakage 


lOFL 






±10 


HA 


VOUT = Vcc to OV 


Power Supply Cut rent, 


icc 






120 


mA 





PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


C|N 


5 




10 


pF 


V|N = Vcc 


Output Capacitance 


COUT 


10 




20 


pF 


VoUT = Vcc 



Ta = C to +70 C; Vcc = +5V ± 10%, Vss = OV 



CAPACITANCE 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


LIMITS 


LIMITS 


unit 


TEST 
CONDITIONS 


MIN 1 MAX 


min|max 


READ 


MPD8279-5 


iLtPD8279-2 




Address Stable Before READ 


tAR 







OT 




ns 




Address Hold Time for READ 


tRA 












ns 




READ Pulse Width 


tRR 


250 




200 




ns 




Data Delay from READ 


tRD 




150 




140 


ns 


Cl= 150pF 


Address to Data Valid 


tAD 




250 




250 


ns 


Cl= 150pF 


READ to Data Floating 


tDF 


10 


100 


10 


100 


ns 




Read Cycle Time 


tRCY 


1000 




200 




ns 




WRITE 


Address Stable Before WRITE 


tAW 












ns 




Address Hold Time for WR ITE 


tWA 












ns 




WRITE Pulse Width 


tww 


250 




200 




ns 




Data Set Up Time for WRITE 


tDW 


150 




150 




ns 






tWD 












ns 




Data Hold Time for WRITE 


Write Cycle Time 


%CY 


1000 




200 




ns 




OTHER 


Clock Pulse Width 


t0W 


120 




70 




ns 




Clock Period 


tCY 


320 




200 




ns 





Keyboard Scan Time: 
Keyboard Debounce Time: 
Key Scan Time: 
Display Scan Time: 



GENERAL TIMING 

5.1ms Digit-on Time: 480 ms 

10.3 ms Blanking Time: 160^5 

80 ms Internal Clock Cycle: 10 jus 

10.3 ms 
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TIMING WAVEFORMS 



INPUT FOR AC TESTS 



tiPD8279 



y TEST POINTS Y 

45 /V08^>^ '^OSy X 



READ 



'ZX 



r 



HIGH IMPEDANCE 



-DATA VALID- 



(SYSTEM S 
.ADDRESS BUS) 



(READ CONTROL) 



HIGH IMPEDANCE 



o: 



WRITE 

-twCY 



DATA MAY 



7^ 



/ 



CHANGE \ ■^- DAT A VALID-*-/ 



(SYSTEM S 
^ADDRESS BUS) 



(WRITE CONTROL) 



DATA MAY CHANGE 



CLOCK INPUT 



_p 



•\ / 
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The following is a description of each section of the fi PD8279. See the block 
diagram for functional reference. 



OPERATIONAL 
DESCRIPTION 



I/O Control and Data Buffers 

Communication to and from the/iPD8279 is performed by selecting CS, Aq, RD and 
WR. The type of information written or read by the processor is selected by Aq. A 
logic states that information is data while a 1 selects command or status. RD and WR 
select the direction by which the transfer occurs through the Data Buffers. When the 
chip is deselected (CS = 1) the bi-directional Data Buffers are in a high impedance state 
thus enabling the mPD8279 to be tied directly to the processor data bus. 

Timing Registers and Timing Control 

The Timing Registers store the display and keyboard modes and other conditions pro- 
grammed by the processor. The timing control contains the timing counter chain. One 
counter is a divide by N scaler which may be iDrogrammed to match the processor 
cycle time. The scaler must take a value between 2 and 31 in binary. A value which 
scales the internal frequency to 100 KHz gives a 5.1 ms scan time and 10.3 ms switch 
debounce. The other counters divide down to make key, row matrix and display scans. 

Scan Counter 

The scan counter can operate in either the encoded or decoded mode. In the encoded 
mode, the counter provides a count which must be decoded to provide the scan lines. 
In the decoded mode, the counter provides a 1 out of 4 decoded scan. In the encoded 
mode the scan lines are active high and in the decoded mode they are active low. 

Return Buffers, Keyboard Debounce and Control 

The eight return lines are buffered and latched by the return buffers. In the keyboard 
mode these lines are scanned sampling for key closures in each row. If the debounce 
circuit senses a closure, about 10 ms are timed out and a check is performed again. If 
the switch is still pressed, the address of the switch matrix plus the status of shift and 
control are written into the FIFO. In the scanned sensor mode, the contents of 
return lines are sent directly to the sensor RAM (FIFO) each key scan. In the strobed 
mode, the transfer takes place on the rising edge of CNTL/STB. 

FIFO/Sensor RAM and Status 

This section is a dual purpose 8x8 RAM. In strobe or keyboard mode it is a 
FIFO. Each entry is pushed into the FIFO and read in order. Status keeps track of the 
number of entries in the FIFO. Too many reads or writes to the FIFO will be treated 
as an error condition. The status logic generates an IRQ whenever the FIFO has an 
entry. In the sensor mode the memory is a sensor RAM which detects changes in the 
status of a sensor. If a change occurs, the IRO is generated until the change is 
acknowledged. 

Display Address Registers and Display RAM 

The Display Address Register contains the address of the word being read or written 
by the processor, as well as the word being displayed. This address may be pro- 
grammed to auto-increment after each read or write. The display RAM may be read 
by the processor any time after the mode and address is set. Data entry to the display 
RAM may be set to either right or left entry. 
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COMMAND OPE RATION ^^^ commands programmable to the jjPD8279 via the data bus with CS active (0) 

and Aq high are as follows 

Keyboard/Display Mode Set 

[o I |o|d|d|k|k|k| 

MSB LSB 

Display Mode 

DD 

8-8-bit character display - Left entry 

1® 16-8 bit character display - Left entry 

1 8-8 bit character display - Right ^try 

1 1 16-8 bit character display - Right entry 

Note Q) Power on default condition 

Keyboard Mode" 

KKK 

Encoded Scan - 2 Key Lockout 
Decoded Scan - 2 Key Lockout 
Encoded Scan - N Key Rollover 
Decoded Scan — N Key Rollover 
Encoded Scan-Sensor Matrix 
Decoded Scan-Sensor Matrix 
Strobed Input, Encoded Display Scan 
Strobed Input, Decoded Display Scan 

Program Clock 

|o|o|i|p|p|p|p|p| 

Where PPPPP is the prescaler value between 2 and 31 this prescaler divides the external 
clock by PPPPP to develop its internal frequency After reset, a default value of 31 is 
generated 

Read FIFO/Sensor RAM 

Ao = 

Ai IS the auto-increment flag. AAA is the row to be read by the processor The read 
command is accomplished with (CS • RD • AO) by the processor If Ai is 1, the row 
select counter will be incremented after each read. Note that auto-mcrementmg has 
no effect on the display. 

Read Display RAM 

I o[ 1 1 i|ai| a| a| aIX] ao = o 

Where Ai is the auto-mcrement flag and AAAA is the character which the processor 
is about to read. 

Write Display RAM 


















1 





1 








1 


1 


1 








1 
1 
1 




1 

1 


1 



1 



1 AI X A A A 



|i I o| o|ai| a| a| a|"a~| 

where AAAA is the character the processor is about to write 
Display Write Inhibit Blanking 



1 





1 


X 


IW 
A 


IW 
B 


BL 
A 


BL 
B 



Where IWA and IWB are Inhibit Writing nibble A and B respectively, and BLA, BLB 
are blanking. When using the display as a dual 4-bit, it is necessary to mask one of the 
4-blt halves to eliminate interaction between the two halves. This is accomplished with 
the IW flags. The BL flags allow the programmer to blank either half of the display 
independently. To blank a display formatted as a single 8-bit, it is necessary to set 
both BLA and BLB. Default after a reset is all zeros. All signals are active high (1 ). 
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Cp Cp Cp 

1 X 

1 1 

1 1 1 

X X 



Clear 



1 1 Cp Cp Cp Cf Ca 



All zeros 

AB = 20i6 

All ones 

Disable clear display 



This command is used to clear the display RAM, the FIFO, or both. The Cp options 
allow the user the ability to clear the display RAM to either all zeros or all ones. 

Cp clears the FIFO. 
Ca clears all. 

Clearing the display takes one complete display scan. During this time the processor 
can't write to the display RAM. 

Cp will set the FIFO empty flag and reset IRQ. The sensor matrix mode RAM pointer 
will then be set to row 0. 

Ca is equivalent to Cp and Cp. The display is cleared using the display clear code 
specified and resets the internal timing logic to synchronize it. 
End Interrupt/Error Mode Set 
Ii|i|i|e|x|x|x|x| 

In the sensor matrix mode, this instruction clears IRQ and allows writing into RAM. 

In N key rollover, setting the E bit to 1 allows for operating in the special Error mode. 
See Description of FIFO status. 

FIFO Status 



DU 


S/E 





U 


F 


N 


N 


N 



Where: Dy = Display Unavailable because a clear display or clear all command is in 
progress. 
S/E = Sensor Error flag due to multiple closure of switch matrix. 
= FIFO Overrun since an attempt was made to push too many 

characters into the FIFO. 
U = FIFO Underrun. An indication that the processor tried to read an 

empty FIFO. 
F = FIFO Full Flag. 
NNN = The Number of characters presently in the FIFO. 

The FIFO Status is Read with Aq high and CS, RD active low. 

The Display not available is an indication that the Cp or Ca command has not 
completed its clearing. The S/E flags are used to show an error in multiple closures has 
occurred. The or U, overrun or underrun, flags occur when too many characters are 
written Into the FIFO or the processor tries to read an empty FIFO. F is an indication 
that the FIFO is full and NNN is the number of characters in the FIFO. 

Data Read 

Data can be read during Aq = and when CS, RD are active low. The source of the 
data is determined by the Read Display or Read FIFO commands. 

Data Write 

Data is written to the chip when Aq, CS, and WR are active low. Data will be written 
into the display RAM with its address selected by the latest Read or Write Display 
command. 



COMMAND OPERATION 
(CONT.) 
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Data Format 



CNTL 



SH 



"T~~ r 

SCAN 
_i l_ 



RET 



_J_ 



In the Scanned Key mode, the characters in the FIFO correspond to the above fornnat 
where CNTL and SH are the most significant bits and the SCAN and return lines are 
the scan and column counters. 



RL7 


RL6 


RL5 


RL4 


RL3 


RL2 


RLi 


RLo 



In the Sensor Matrix mode, the data corresponds directly to the row of the sensor 
RAM being scanned. Shift and control (SH, CNTL) are not used in this mode. 



Aq 

1 
1 



1 
1 
1 
1 



MSB 



Control Address Summary 

DATA 

LSB 












D 


D 


K 


K 


K 










1 


P 


P 


P 


P 


P 







1 





Al 


X 


A 


A 


A 







1 


1 


A1 


A 


A 


A 


A 




1 








Al 


A 


A 


A 


A 




1 





1 


X 


IW 
A 


IW 
B 


BL 
A 


BL 
B 




1 


1 





CD 


CD 


CD 


cf 


ca 




1 


1 


1 


E 


X 


X 


X 


X 




DU 


S/E 





U 


F 


N 


N 


N 



Keyboard Display Mode Set 

Load Program Clock 

Read FIFO/Sensor RAM 

Read Display RAM 

Write Display RAM 

Display Write Inhibit/Blanking 

Clear 

End Interrupt/Error Mode Set 

FIFO Status 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, fxPD8279C-5 
Ceramic, |xPD8279D-5 



8270-2/8279-5DS-REV2-7-83-CAT 
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fiPB8283 



OCTAL LATCH 



DESCRIPTION The juPB8282/8283 are 8-bit latches with tri-state output buffers. The 8282 is non- 
inverting and the 8283 inverts the input data. These devices are ideal for demulti- 
plexing the address/data buses on the 8085A/8086 microprocessors. 
The 8282/8283 are fabricated using NEC's Schottky bipolar process. 



FEATURES • Supports 8080, 8085A, 8048, 8086 Family Systems 

• Transparent During Active Strobe 

• Fully Parallel 8-Bit Data Register and Buffer 

• High Output Drive Capability (32 mA) for Driving the System Data Bus 

• Tri-State Outputs 

• 20-Pin Package 



DIo C 


1 


20 


D vcc 


Dh C 


2 


19 


1 DOo 


Dl2 C 


3 


18 


3 DOi 


Dl3 C 


4 


17 


D D02 


Dl4 £ 


5 mPB 
8282 
6 


16 


1 DO3 


Dl5 C 


15 


1 DO4 


Dl6 C 


7 


14 


1 DO5 


Dl7 C 


8 


13 


3 DO6 


OE C 


9 


12 


3 D07 


GND[; 


10 


11 


3 STB 



DIo C 


1 


-^W/— 


20 


Dh C 


2 




19 


DI2 c 


3 




18 


Di3 C 


4 




17 


DI4 c 


5 


mPb 

8283 


16 


DI5 c 


6 




15 


Dl6 C 


7 




14 


DI7 c 


8 




13 


OE C 


9 




12 


GNDQ 


10 




11 



3 Vcc 

3 DO^ 

3 DOT 

3 DOj 

3 ^ 

3 DO^ 

3 Do^ 

D DOi" 

3 DO^ 

] STB 



PIN NAMES 



DI0-DI7 


DATA IN 


DO0DO7 


DATA OUT 


OE 


OUTPUT ENABLE 


STB 


STROBE 



FUNCTIONAL The /LtPB8282/8283 are 8-bit latches with tri-state output buffers. Data on the inputs 
DESCRIPTION is latched into the data latches on a high to low transition of the STB line. When STB 
Is high, the latches appear transparent. The OE input enables the latched data to be 
transferred Jo^ the output pins. When OE is high, the outputs are put in the tri-state 
condition. OE will not cause transients to appear on the data outputs. 
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BLOCK DIAGRAMS 



Operating Temperature 0°C to 70 C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages - 1.0V to 5.5V 

Ta = 25°C 

^COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 



Conditions- Vqc = 5V 


± 10%,Ta = 0°Cto70°C 






PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


Input Clannp Voltage 


vc 




-1 


V 


IC = -5mA 


Power Supply Current 


Ice 




160 


mA 




Forward Input Current 


If 




-0.2 


mA 


Vf= 0.45V 


Reverse Input Current 


IR 




50 


mA 


Vr= 5.25V 


Output Low Voltage 


Vol 




45 


V 


IQL = 32 mA 


Output High Voltage 


VOH 


2.4 




V 


•OH =-5 mA 


Output Off Current 


•off 




±50 


mA 


VoFF= 0.45 to 5.25V 


Input Low Voltage 


V,L 




0.8 


V 


Vq(>=5.OV0 


Input High Voltage 


V|H 


2.0 




V 


VCC=5-OV0 


Input Capacitance 


C|N 




12 


PF 


VbIAS=2.5V, Vcc=5V 

Ta=25°C, F=1 MHz 



DC CHARACTERISTICS 



Note:© Output Loading Iql = 32 mA, Iqh == "5 mA, C|_ = 300 pF 
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ACCHARACTE-RISTICS 



Conditions: Vqc = 5V ± 1 0%, Tg = 0°C to 70°C 

Loading: Outputs - Iql = 32 mA, Iqh = -5 mA, Cl = 300 pF 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


Input to Output Delay 
—Inverting 
-Non-Inverting 


TIVOV 


5 
5 


22 
30 


ns 
ns 


STB to Output Delay 
—Inverting 
—Non-Inverting 


TSHOV 


10 
10 


40 
45 


ns 
ns 


Output Disable Time 


TEHOZ 


5 


22 


ns 


Output Enable Time 


TELOV 


10 


30 


ns 


Input to STB Setup Time 


TIVSL 







ns 


Input to STB Hold Time 


TSLIX 


25 




ns 


STB High Time 


TSHSL 


15 




ns 


Input, Output Rise Time 


"'"iLIH, "^OLOH 




20 


ns 


Input, Output Fall Time 


"^IHIL, '''OHOL 




12 


nw 



TIMING WAVEFORMS 



OUTPUTS 



y 



T 



)C 



1 



JT 



1*- TIVOV TEHOZ _^ 



V 



„_ TELOV _», 



X 



Vo 

Vq 



L+01V^r 
L+01V .C 



1^1 6V 
"-^^l 4V 



. TSHOV ^ SEE NOTE 1 

Note: Output may be momentarily invalid following the high going into STB transition. 



OUTC 



< 3Za 



^ 300 pF 



3-STATE TO Vql 



OUTC 



18012 



5r 300 pF 



3-STATE TO Vqh 



OUTC 



2.14V 



I 52.7n 



5fc 300 pF 



SWITCHING 



AC TESTING INPUT, 
OUTPUT WAVEFORM 



INPUT OUTPUT 


X" — ''X 


A C TEST 
A LOGIC 


IMG 


INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 45V 
MING MEASUREMENTS ARE MADE AT 1 5V FOR BOTH 
ND 0- 


FOR 
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Package Outlines 

For information, see Paclcage Outline Section 7. 



Plastic, |jiPB8282C/83C 
Cerdip, |xPB8282D/83D 



8282/8283DC-REV2-7-83-CAT 
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HPB8284A 



CLOCK GENERATOR AND DRIVER FOR 
8086/8088 MICROPROCESSORS 



DESCRIPTION The/xPB8284A is a clock generator and driver for the 8066 and 8088 microprocessors. 
This bipolar driver provides the microprocessor with a reset signal and also provides 
properly synchronized READY timing. A TTL clock is also provided for peripheral 
devices. 



F E ATU RES • Generate System Clock for the 8086 and 8088 

• Frequency Source can be a Crystal or a TTL Signal 

• MOS Level Output for the Processor 

• TTL Level Output for Peripheral Devices 

• Power-Up Reset for the Processor 

• READY Synchronization 

• +5V Supply 

• 18 Pin Package 



PIN CONFIGURATION 



PIN NAMES 



CYSNCC 

pclkC 
AEisTTC 

RDY1 C 

READVC 
RDY2C; 

AEN2C 

clkC 
gndC 



5 mPB 14 
8284A 

6 13 



Dvcc 


3x1 


DX2 


3 ASYNC 


3EFI 


DF/C 


3 osc 


3res 


3 RESET 



Xi,X2 


Crystal Connections 


TANK 


For Overtone Crystal 


F/C 


Clock Source Select 


EFI 


External Clock Input 


CSYNC 


Clock Synchronization Input 


RDY1 ) 
RDYlj 


Ready Signal fronn 
MultibusTM* Systenns 


AEN1 i 
AEN2 / 


Address Enable Qualifiers 
for the two RDY Signals 


RES 


Reset Input 


RESET 


Synchronized Reset Output 


OSC 


Oscillator Output 


CLK 


MOS Clock for the Processor 


PCLK 


TTL Clock for Peripherals 


READY 


Synchronized Ready Output 




*TM - Multibus IS a trademark of Intel Corporation. 
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PIN IDENTIFICATION 



PIN IDENTIFICATION 



1 NO. 


SYMBOL 


NAME 


FUNCTION 


1 


CSYNC 


Clock Synchronization 


An active high signal which allows 
multiple 8284s to be synchronized. 
When CYSNC is low, the internal 
counters count and when high the 
counters are reset. CYSNC should 
be grounded when the internal 
oscillator is used. 


2 


PCLK 


Peripheral Clock 


A TTL level clock for use with per- 
ipheral devices. This clock is one- 
half the frequency of CLK. 


3,7 


AEN1, AEN2 


Address Enable 


This active low signal is used to 
qualify its respective RDY inputs. 
If there is only one bus to interface 
to, AEN inputs are to be grounded. 


4,6 


RDY1, RDY2 


Bus Ready 


This signal is sent to the 8284 from 
a peripheral device on the bus to 
indicate that data has been received 
or data is available to be read. 


5 


READY 


Ready 


The READY signal to the micro- 
processor is synchronized by the 
RDY inputs to the processor CLK. 
READY IS cleared after the guaran- 
teed hold time to the processor has 
been met. 


8 


CLK 


Processor Clock 


This is the MOS level clock output 
of 33% duty cycle to drive the 
microprocessor and bipolar support 
devices (8288) connected to the 
processor. The frequency of CLK is 
one third of the crystal or EFI 
frequency. 


10 


RESET 


Reset 


This IS used to initialize the proces- 
sor. Its input is derived from an RC 
connection to a Schmitt trigger 
input for power up operation. 


11 


RES 


Reset In 


This Schmitt trigger input is used to 
determine the timing of RESET out 
via an RC circuit. 


12 


DSC 


Oscillator Output 


This TTL level clock is the output 
of the oscillator circuit running at 
the crystal frequency. 


13 


F/C 


Frequency Crystal Select 


F/C is a strapping option used to 
determine where CLK is generated, 
A high is for the EFI input, and a 
low IS for the crystal. 


14 


EFI 


External Frequency In 


A square wave in at three times the 
CLK output. A TTL level clock to 
generate CLK. 


16,17 


Xl,X2 


Crystal In 


A crystal is connected to these 
inputs to generate the processor 
clock. The crystal chosen is three 
times the desired CLK output. 


15 




Asynchronous Input 


Ready Synchronization Select. 
ASYNC IS an input which defines 
the synchronization mode of the 
READY logic. When ASYNC is low, 
2 stages of READY synchronization 
are provided. When ASYNC is left 
open or HIGH, a single stage of 
READY synchronization is provided. 


ASYNC 


18 


vcc 


VCC 


+5V 
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BLOCK DIAGRAM res_ 



CSYNC- 

RDY1- 
AENl- 
AEN2- 
RDY2~ 



a'SVMC- 



XTAL 
OSCIL- 
LATOR 



o- 



-> 



>^ 



^ 



-0- 



3 

SYNC 




-OSC 
-♦►CLK 



l$VN?| 



FUNCTIONAL DESCRIPTION 



The clock generator can provide the system clock from either a crystal or an external 
TTL source. There is an internal divide by three counter which receives its input from 
either the crystal or TTL source (EFI Pin) depending on the state of the F/C input 
strapping. There is also a clear input (C SYNC) which is used for either inhibiting the 
clock, or synchronizing it with an external event (or perhaps another clock generator 
chip). Note that if the TTL input is used, the crystal oscillator section can still be used 
for an independent clock source, using the OSC output. 

For driving the MOS output level, there is a 33% duty cycle MOS output (CLK) for the 
microprocessor, and a TTL output (PCLK) with a 50% duty cycle for use as a peripheral 
clock signal. This clock is at one half of the processor clock speed. 

Reset timing is provided by a Schmitt Trigger input (RES) and a flip-flop to synchronize 
the reset timi ng to the falling edge of CLK. Power-on reset is provided by a simple RC 
circuit on the RES input. 

There are two READY inputs, each with its own qualifier (AEN1, AEN2). The unused 
AEN signal should be tied low. 

The READY logic in the 8284A synchronizes the RDY1 and RDY2 asynchronous inputs 
to the processor clock to insure proper set up time, and to guarantee proper hold time 
before clearing the ready signal. 
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Operating Temperature C to 70 C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages - 1 .OV to +5.5V 



ABSOLUTE MAXIMUM 
RATINGS* 



Ta = 25°C 

^COMMENT Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



Conditions: Tg = 0°C to 70° C, Vqc = 5V ± 10% 



DC CHARACTERISTICS 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


TEST 
CONDITIONS 




If 




-1.3 
-0.5 


mA 


Vf = 0.45V 
Vp = 0.45V 


Forward Input Current (ASYNC) 
(Other Inputs) 


Reverse Input Current 


IR 




50 


iuA 


Vr = 5.25V 


Input Forward Clamp Voltage 


vc 




-1.0 


V 


IC = -5mA 


Power Supply Current 


Iqc 




140 


mA 




Input Low Voltage 


V|L 




0.8 


V 


Vcc = 5.0V 


Input High Voltage 


V|H 


2.0 




V 


Vcc = 5.0V 


Reset Input High Voltage 


VlHR 


2.6 




V 


Vcc = 5.0V 


Output Low Voltage 


Vol 




0.45 


V 


5 mA Hql 


Output High Voltage (CLK) 
(Other Outputs) 


VOH 


4 
2.4 




V 
V 


-1 mA\ , 
-ImAf'OH 


RES Input Hysteresis 


ViHr-ViLr 


0.25 




V 


Vcc = 5.0V 



Conditions: Tg = 0°C to 70° C, Vqc = 5V ± 10% 
TrMING REQUIREMENTS 



AC CHARACTERISTICS 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


TEST 
CONDITIONS 


External Frequency High Tinne 


TEHEL 


13 




ns 


90%-90%V|N 


External Frequency Low Time 


TELEH 


13 




ns 


10%-10% V|N 


EFI Period 


TELEL 


TEHEL + TELEH +5 




ns 


(1) 


XTAL Frequency 




12 


25 


MHz 




RDY1, RDY2 Set-Up to CLK 


TR1VCL 


35 




ns 




RDY1, RDY2 Hold to CLK 


TCLR1X 







ns 




AEN1, AEN2 Set-Up to RDY1, RDY2 


TA1VR1V 


15 




ns 




AEN1, AEN2 Hold to CLK 


TCLA1X 







ns 




CSYNC Set-Up to EFI 


TYHEH 


20 




ns 




CSYNCHoldto EFI 


TEHYL 


10 




ns 




CSYNC Width 


TYHYL 


2TELEL 




ns 




RES Set-Up to CLK 


TI1HCL 


65 




ns 


@ 


RES Hold to CLK 


TCLI1H 


20 




ns 


(D 


RDY1, RDY2 Active Set-Up to CLK 


tRIVCH 


35 




ns 


ASYNC = LOW 


RDY1, RDY2 Inactive Set-Up to CLK 


tRIVCL 


35 




ns 




ASYNC Set-Up to CLK 


tAYVCL 


50 




ns 




ASYNC Hold to CLK 


tCLAYX 







ns 




Input Rise Time 


t|LIH 




20 


ns 


From 8V to 2 0V 


Input Fall Time 


tILIL 




12 


ns 


From 2 0V to 8V 
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TIMING RESPONSES 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


TEST 
CONDITIONS 


CLK Cycle Period 


TCLCL 


125 




ns 




CLK High Time 


TCHCL 


(1/3 TCLCL) +2 




ns 


Figure 3 and Figure 4 


CLK Low Time 


TCLCH 


(2/3 TCLCL) -15 




ns 


Figure 3 and Figure 4 


CLK Rise and Fall Time 


TCH1CH2 
TCL2CL1 




10 


ns 


1 OV to 3 5V 


PCLK High Time 


TPHPL 


TCLCL -20 




ns 




PCLK Low Time 


TPLPH 


TCLCL -20 




ns 




Ready Inactive to CLK (4) 


TRYLCL 


-8 




ns 


Figure 5 and Figure 6 


Ready Active to CLK (5) 


TRYHCH 


(2/3 TCLCL) -15 




ns 


Figure 5 and Figure 6 


CLK To Reset Delay 


TCLIL 




40 


ns 




CLK to PCLK High Delay 


TCLPH 




22 


ns 




CLK to PCLK Low Delay 


TCLPL 




22 


ns 




OSCto CLK High Delay 


TOLCH 


-5 


12 


ns 




OSCto CLK Low Delay 


TOLCL 


2 


22 


ns 




Output Rise Time (except CLK) 


tOLOH 




20 


ns 


From 8V to 2 OV 


Output Fall Time (except CLK) 


tOHOL 




12 


ns 


From 2 0V toO.SV 



Notes: Q 6 = EFI rise (5 ns max) + EFI fall (5 ns max) 

Q) Set up and hold only necessary to guarantee recognition at next clock. 
(^ Applies only to T3 and TW states 
@ Applies only to T2 states 



TIMING WAVEFORM* 








♦ALL TIMING MEASUREMENTS ARE MADE AT 1 .5V UNLESS OTHERWISE NOTED 
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1 


F/C 


CLK 




LOAD 
® 






1 — 1 








X2 






r 


CSYNC 









EFI CLK 



AC TEST CIRCUITS 



FIGURE 1 

CLOCK HIGH AND LOW TIME 



FIGURE 2 

CLOCK HIGH AND LOW TIME 



x^^ 



FIGURES 
READY TO CLK 





LSE 






E/C 
AFFiT 




(D 


GENERATOR 
























h= 




^pu°Lsr 








AEKi2 






^ 
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FIGURE 4 
READY TO CLK 
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OUTPUT 

NOTES 0Cl = 100 pF 
(2)Cl=30pF 
(DCl INCLUDES PROBE AND JIG CAPACITANCE 



- TEST POINTS- 



AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC '1 AND 45V FOR 
A LOGIC "0 TIMING MEASUREMENTS ARE MADE AT 1 5V FOR BOTH 
A LOGIC "1 'AND 0' 



AC TESTING INPUT, 
OUTPUT WAVEFORM 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, |xPD8284AC 
Cerdip, ^PB8284AD 
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8-BIT BUS TRANSCEIVER 

DESCRIPTION The 8286 and 8287 are octal bus transceivers used for buffering microprocessor 
bus lines. Being bi-directional, they are ideal for buffering the data bus lines on 
8- or 16-bit microprocessors. Each B output is capable of driving 32 mA low or 
5 mA high. 

FEATURES • Data Bus Buffer Driver for /iCOM-8 (8080, 8085A, 780) and /iCOM-l 6 (8086) 
families 

• Low Input Load Current - 0.2 mA max 

• High Output Drive Capability for Driving System Data Bus 

• Tri-State Outputs 

• 20 Pin Package with Fully Parallel 8-Bit Transceivers 



PIN CONFIGURATIONS 





PIN NAMES 



A0-A7 


Local Bus Data 


B0-B7 


System Bus Data 


OE 


Output Enable 


T 


Transmit 
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8286 




8287 



BLOCK DIAGRAMS 



r-E3 H-1 

I — E3 Sin 



{> 



^ 



"I'M 



-T' 




^ 


T 


RESULT 








B-^A 





1 


A-^B 


1 
1 




1 


X A and B 

f HIGH 

' IMPEDANCE 



Operating Temperature . 0°C to 70°C ABSOLUTE MAXIMUM 

Storage Temperature -65°C to +150°C RATINGS* 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -l.OV to +5.5V 

Ta = 25° C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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DC CHARACTERISTICS Ta = o°cto70°c, vcc-5viio 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


Input Clamp Voltage 


vc 




-1 


V 


\q = ~5 mA 


Power Supply Current 


-8287 


'cc 




130 


mA 
mA 




-8286 


Ice 




160 


Forward Input Current 


If 




-0 2 


mA 


Vp =0 45V 


Reverse Input Current 


•r 




50 


mA 


Vr = 5.25V 


Output Low voltage " B Outputs 
- A Outputs 


Vol 




0.45 
0.45 


V 
V 


IOL = 32mA 
IqL'^ 16 mA 


Output High voltage " ^ Outputs 
- A Outputs 


VOH 


24 
2.4 




V 
V 


Iqh = -5 mA 
Iqh =-1 mA 


Output Off Current 
Output Off Current 


'OFF 
lOFF 




If 

IR 




VoFF =0 45V 
VoFF =5 25V 


Input Low Voltage 


- A Side 


V|L 




0.8 


V 
V 


Vcc - 5 OV © 
VCC = 5 OV 


- B Side 


V|L 




09 


Input High Voltage 


V|H 


2.0 




V 


VCC = 50V © 
F = 1 MHz 


Input Capacitance 


C|N 




16 


PF 


VbIAS = 2.5V, Vcc = 5V 
Ta = 25''C F = 1 MHz 



Note B Outputs - Iql = 32 mA, Iqh = "5 mA, 
A Outputs - Iql = 16 mA, Iqh = -1 mA, 



Cl = 300 pF 
Cl = 100pF 



AC CHARACTERISTICS Tg = 0°C to 70°C, Vcc = 5V ± 10% 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TIVOV 


Input to Output Delay 
Inverting 
Non-Inverting 


5 
5 


22 
30 


ns 
ns 


TEHTV 


Transmit/Receive Hold Time 


TEHOZ 




ns 


TTVEL 


Transmit/Receive Setup 


10 




ns 


TEHOZ 


Output Disable Tinne 


5 


22 


ns 


TELOV 


Output Enable Time 


10 


30 


ns 


TILIH, 
TOLOH 


Input Output Rise Time 




20 


ns 


TIHIL, 
TOHOL 


Input Output Fall Time 




12 


ns 



Notes: See waveforms and test load circuit. 

B Outputs - Iql = 32 mA, Iqh = -5 mA, Cl = 300 pF 
A Outputs - Iql = 16 mA, Iqh = -1 mA, Cl = 100 pF 



AC TESTING INPUT, 
OUTPUT WAVEFORM 



INPUT/OUTPUT 



45- 



- TEST POINTS - 




A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0" TIMING MEASUREMENTS ARE MADE AT 1 5V FOR BOTH 
A LOGIC "1" AND "0" 
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I 



X 



WAVEFORMS 



I 



\ 



TEHOZ |— TELOV-— 



^: VoH_+OJ 



^ 



X 



TEST LOAD CIRCUITS 



B OUTPUT 



scaoopF 

3«TATE TO VoH 

B OUTPUT 



;j:ioopF 

9-STATE TO Vql 

A OUTPUT 

15V 



?p 100 pF 
$.STATi TO VoH 

A OUTPUT 



B OUTPUT 



^lOOpF 
SWITCHINQ 

A OUTPUT 



MOS microprocessors like the 8080/8085A/8086 are generally capable of driving a 
single TTL load. This also applies to MOS memory devices. While sufficient for min- 
imum type small systems on a single PC board, it is usually necessary to buffer the 
microprocessor and memory signals when a system is expanded or signals go to other 
PC boards. 
These octal bus transceivers are designed to do the necessary buffering. 

Bi-Directional Driver 

Each buffered line of the octal driver consists of two separate tri-state buffers. The B 
side of the driver is designed to drive 32 mA and interface the system side of the 
bus to I/O, memory, etc. The A side is connected to the microprocessor. 

Control Gating, OE, T 

The OE (output enable) input is an active low signal used to enable the drivers selected 
by T on to the respective bus. 

T is an input control signal used to select the direction of data through the trans- 
ceivers. When T is high, data is transferred from the Ag-Ay inputs to the BQ-By out- 
puts, and when low, data is transferred from BQ-By to the AQ-Ay outputs. 



FUNCTIONAL 
DESCRIPTION 
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Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, ^JLPB8286C/87C 
Cerdlp, |jlPB8286D/87D 




8286/8287-DS-REV1 -12-81 -CAT 
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fiPB8288 

CPU SYSTEM 

BUS CONTROLLER 



DESCRIPTION The /iPB8288 bus controller is for use in medium to large iuPD8086/8088 systems. This 
20-pm bipolar component provides command and control timing generation, plus 
bipolar drive capability and optimal system performance. It provides both 
MultibusTM command signals and control outputs for the microprocessor system. 
There is an option to use the controller with a multi-master system bus and separate 
I/O bus. 



FEATURES • System Controller for mPD8086/8088 Systems 

• Bipolar Drive Capability 

• Provides Advanced Commands 

• Tri-State Output Drivers 

• Can be used with an I/O Bus 

• Enables Interface to One or Two Multi-Master Buses 

• 20-Pin Package 



PIN NAMES 



PIN CONFIGURATION 



lOB 


c 


1 




20 


D vcc 


CLK 


c 


2 




19 


D SO 


sT 


c 


3 




18 


3S2 


DT/R 


c 


4 




17 


2 MCE/PDEN 


ALE 


c: 


5 


jLlPB 


16 


D DEN 


AEN 


c 


6 


8288 


15 


1 ^^^ 


MRDC 


c 


7 




14 


2 INTA 


AMWC 


c 


8 




13 


J lORC 


MWTC 


c 


9 




12 


"2 AlOWC 


GND 


i: 


10 




11 


2 iowc 



S0-S2 


Status Input Pins 


CLK 


Clock 


ALE 


Address Latch Enable 


DEN 


Data Enable 


DT/R 


Data Transmit/Receive 


AEN 


Address Enable 


CEN 


Command Enable 


lOB 


I/O Bus Mode 


AlOWC 


Advanced I/O Write 


IOWC 


I/O Write Command 


lORC 


I/O Read Command 


AMWC 


Advanced Memory Write 


MWTC 


Memory Write Command 


MRDC 


Memory Read Command 


INTA 


Interrupt Acknowledge 


MCE/PDEN 


Master Cascade/Peripheral 
Data Enable 




TM _ Multibus is a trademark of Intel Corp. 
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PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1 


lOB 


I/O Bus Mode 


Sets mode of /iPB8288, high for the I/O 
bus mode and low for the system 
bus mode. 


2 


CLK 


Clock 


The clock signal from the iuPB8284 
clock generator synchronizes the 
generation of command and control 
signals. 


3, 19, 18 


§b.S-i,S2 


Status Input Pins 


The MPB8288 decodes these status 
lines from the fi PB8086 to generate 
command and control signals. When 
not in use,these pins are high. 


4 


DT/R 


Data Transmit/Receive 


This signal is used to control the 
bus transceivers in a system. A high 
for writing to I/O or memory and 
a low for reading data. 


5 


ALE 


Address Latch Enable 


This signal is used for controlling 
transparent D type latches (iuPB8282/ 
8283). It wilTstrobe in the address 
on a high to low transition. 


6 


AEN 


Address Enable 


In the I/O system bus mode, AEN 
enables the command outputs of 
the jLiPB8288 105 ns after it becomes 
active. If AEN is inactive, the 
command outputs are tri-stated. 


7 


MRDC 


Memory Read 
Command 


This active low signal is for switch- 
ing the data from memory to the 
data bus. 


8 


AMWC 


Advanced Memory 
Write Command 


This is an advanced write command 
which occurs early in the machine 
cycle, with timing the same as the 
read command. 


9 


MWTC 


Memory Write 
Command 


This is the memory write command 
to transfer data bus to memory, but 
not as early as AMWC. (See timing 
waveforms.) 


11 


lOWC 


I/O Write Command 


This command is for transferring 
information to I/O devices. 


12 


AlOWC 


Advanced I/O Write 
Command 


This write command occurs earlier 
in the machine cycle than lOWC. 


13 


lORC 


I/O Read Command 


This signal enables the CPU to 
read data from an I/O device. 


14 


INTA 


Interrupt Acknowledge 


This is to signal an interupt- 
ing device to put the vector 
information on the data bus 


15 


CEN 


Command Enable 


This signal enables all command 
and control outputs. If CEN is low, 
these outputs are inactive. 


16 


DEN 


Data Enable 


This signal enables the data trans- 
ceivers onto the bus. 


17 


MCE/ 


Master Cascade Enable 
Peripheral Data Enable 


Dual function pin system. 
MC/E - In the bus mode, this 
signal is active during an inter- 
rupt sequence to read the cascade 
address from the master interrupt 
controller onto the data bus. 
PDtN - In the I/O bus mode, 
it enables the transceivers for the 
I/O bus just as DEN enables bus 
transceivers in the system bus 
mode. 


PDEN 



PIN IDENTIFICATION 
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BLOCK DIAGRAM 



I CLK 

CONTROL ; AEN 

INPUT \ CEN 

I I08 





















STATUS 
DECODER 




COM- 
MAND 
SIGNAL 
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TOR 
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. 






*" 








^ 
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CONTROL 
LOGIC 




CONTROL 
SIGNAL 
GENERA- 
TOR 
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* 
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* 

















SIGNALS 



WRdC 

MWTC 

AMWC I MULTIBUSTM 
TORC > COMMAND 

Towc 

AlOWC 1 
INTA 



DT/R J ADDRESS LATCH, DATA 

DEN ( TRANSCEIVER, AND 

MCE/PDEN / INTERRUPT CONTROL 
ALE I 



SIGNALS 



+5V GND 

CONNECTING THE BUS CONTROLLER TO THE CPU 



ABSOLUTE MAXIMUM 
RATINGS* 




TO STB OF iuPB8282/8283 LATCH 

TO T OF MPB8286/8287 TRANSCEIVER 

TO OE OF MPB8286/8287 TRANSCEIVER 




OPERATING TEMPERATURE 0°C to 70°C 

Storage Temperature -SS'^C to +150°C 

All Output and Supply Voltages® -0.5V to +7V 

All Input Voltages®. -1.0V to +5.5V 

Note:Q)with Respect to Ground. 

Ta = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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The three status lines (SO, sT, S2) from the mPD8086 CPU are decoded by the command FUNCTIONAL 
logic to determine which command is to be issued. The following chart shows the DESCRIPTION 

decoding: 



^2 


^ 


^0 


iLiPD8086 State 


/ixPB8288 Command 


a 








Interrupt Acknowledge 


Tnta 








1 


Read I/O Port 




lORC 





1 





Write I/O Port 




lOWC, AlOWC 





1 


1 


Halt 




None 


1 








1 


Code Access 
Read Memory 




MRbC 


1 


MRbC 


1 


1 





Write Memory 




MWTC, AMWC 


1 


1 


1 


Passive 




None 



There are two ways the command is Issued depending on the mode of the juPB8288. 

The I/O bus mode is enabled if the lOB pin is pulled hig h. In this mode, all I/O com- 
mand lines are always enabled and not dependent upon AEN. When the proc essor 
sends out an I/O command, the juPB8288 activates the command lines using PDEN 
and DT/R to control any bus transceivers. 

This mode Is advantageous if I/O or peripherals dedicated to one microprocessor 
are in a multiprocessor system, allowing the /iPB8288 to control two external buses. 
No waiting is required when the CPU needs access to the I/O bus, as an AEN low 
signal is needed to gain normal memory access. 

If the lOB pin is tied to ground, the iuPB8 288 i s in the system bus mode. In this mode, 
commana signals are dependent upon the AEN line. Thus the command lines are 
activated 105 ns after the AEN line goes low. In this mode, there must be some 
bus arbitration logic to toggle the AEN line when the bus is free for use. Here, 
both memory and I/O are shared by more than one processor, over one bus, with 
both memory and I/O commands waiting for bus arbitration. 

Among the command outputs are some advanced write commands which are Initiated 
early in the machine cycle and can be used to prevent the CPU from entering 
unnecessary wait states. 

The INTA signal acts as an I/O read during an interrupt cycle. This is to signal the 
interrupting device that its interrupt is being acknowledged, and to place the interrupt 
vector on the data bus. 

The control outputs of the juPB8288 are used to control the bus transceivers in a system 
DT/R determines the direction of the data transfer, an d DEN is used to enable the 
outputs of the transceiver. In the lOB mode the MCE/PDEN pin acts as a dedicated 
data enable signal for the I/O bus. 

The MCE signal is used in conjunction with an interrupt acknowledge cycle to control 
the cascade address when more than one interrupt controller (such as a /iPD8259A) is 
used. I f there is only one interrupt controller in a system, MCE is not used as the 
INTA signal gates the interrupt vector onto the processor bus. In multiple interrupt 
controller systems, MCE is used to gate the jLtPD8259A's cascade addresrs onto the 
processors local bus, where ALE strobes it into the address latches. This occurs during 
the first INTA cycle. During the second INTA cycle the addressed slave mPD8259A gates 
its interrupt vector onto the processor bus. 

The ALE signal occurs during each machine cycle and is used to strobe data into 
the address latches and to strobe the status (SO, ST, §2) into the mPB8288. ALE also 
occurs during a halt state to accomplish this. 

The CEN (Command Enable) is used to control the command lines. If pulled high the 
/xPB8288 functions normally and if grounded all command lines are inactive. 
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DC CHARACTERISTICS vcc-sv. io%.T,.o°cto7o'c 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


TEST CONDITIONS 


Input Clamp Voltage 


vc 




-1 


V 


IC = -5mA 


Power Supply Current 


Ice 




230 


mA 




Forward Input Current 


If 




-0.7 


mA 


Vp=0 45V 


Reverse Input Current 


IR 




50 


mA 


Vr = vcc 


Output Low Voltage - Command Outputs 
Control Outputs 


Vol 




0.5 
0.5 


V 
V 


IOL = 32mA 
Iql = 16mA 


Output High Voltage - Command Outputs 
Control Outputs 


VOH 


24 
2.4 




V 
V 


IOH=-5mA 
Iqh =-1 mA 


Input Low Voltage 


V|L 




0.8 


V 




Input High Voltage 


V|H 


2.0 




V 




Output Off Current 


•off 




100 


mA 


VoFF = 0.4 to 5.25V 



AC CHARACTERISTICS vcc = 5Vi 100/0,73 = (fc to 70° c 

TIMING REQUIREMENTS 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


LOADING 


CLK Cycle Period 


TCLCL 


100 




ns 




CLK Low Time 


TCLCH 


50 




ns 


CLK High Time 


TCHCL 


30 




ns 


Status Active Setup Time 


TSVCH 


35 




ns 


Status Active Hold Time 


TCHSV 


10 




ns 


Status Inactive Setup Time 


TSHCL 


35 




ns 


Status Inactive Hold Time 


TCLSH 


10 




ns 


Input Rise Time 


TlLIH 




20 


ns 


Input Fall Time 


TfHIL 




12 


ns 



TIMING RESPONSES 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


LOADING 


Control Active Delay 


TCVNV 


5 


45 


ns 


MRDC \ 

TORC 

MWTC 

lOWC 

INTA 

AMWC 

AlOWC } 

Other 


Iql = 32 mA 

> Iqh = ~5 "^A 

CL = 300pF 

i Iql = 16 mA 
1 l0H = -1mA 
[ Cl = 80pF 


Control Inactive Delay 


TCVNX 


10 


45 


ns 


ALE MCE Active Delay (from CLK) 


TCLLH, TCLMCH 




20 


ns 


ALE MCE Active Delay (from Status) 


TSVLH,TSVMCH 




20 


ns 


ALE Inactive Delay 


TCHLL 


4 


15 


ns 




TCLML 


10 


35 


ns 


Command Inactive Delay 


TCLMH 


10 


35 


ns 


Direction Control Active Delay 


TCHDTL 




50 


ns 


Direction Control Inactive Delay 


TCHDTH 




30 


ns 


Command Enable Time 


TAELCH 




40 


ns 


Command Disable Time 


TAEHCZ 




40 


ns 


Enable Delay Time 


TAELCV 


105 


275 


ns 


AEN to DEN 


TAEVNV 




20 


ns 


CEN to DEN, PDEN 


TCEVNV 




25 


ns 




TCELRH 




TCLML 


ns 


Output Rise Time 


TOLOH 




20 


ns 


Output Fall Time 


TqHOL 




12 


ns 
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i52,'^,S5 



ADDRESS/DATA 



MRDC , lORC, I NTA 
AMWC, AlOWC 



MWTC, I owe 




TIMING WAVEFORMS 



(T) ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES 
(T) LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING 

EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST 
(3) ALL TIMING MEASUREMENTS ARE MADE AT 1 5V UNLESS SPECIFIED 

OTHERWISE 



X 



"V 



Jdt 






DEN, PDEN QUALIFICATION 
TIMING 
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MPB8288 ADDRESS ENABLE 

(AEN) TIMING 

{3-STATE ENABLE/DISABLE) 



OUTPUT _ 
COMMAND 



TAELCH-*. j*- 



-TAELCV- 
■U 5V 



f 



TAEHCZ-H U— 5V 

- ^ ][ VQH 




TEST LOAD CIRCUITS 



1.5V 



OUJO 



=r 300 pF 



3-STATE TO HIGH 



OUT° 



1.5V 



33n 



7=300 pF 



3-STATE TO LOW 



3-STATE COMMAND OUTPUT 
TEST LOAD 



OUT° 



52.7n 



4: 300 pF 



COMMAND OUTPUT 
TEST LOAD 



OUT^ 



2.28V 



^114 



4=80pF 



CONTROL OUTPUT 
TEST LOAD 



AC TESTING INPUT, 
OUTPUT WAVEFORM 



INPUT/OUTPUT 



45- 





A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0" TIMING MEASUREMENTS ARE MADE AT 1 5V FOR BOTH 
A LOGIC "1" AND "0" 



6-281 



/iPB8288 



Package Outlines 

For information, see Paclcage Outline Section 7. 
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SEC 



jL(PB8289 
BUS ARBITER 



Description 

The MPB8289 Bus Arbiter is used with the /iPD8288 Bus 
Controller to interface 8086 and 8088 microprocessors 
to a multimaster system bus. The ^PD8289 controls the 
|L(PD8288 bus controller and the bus transceivers and 
address latches, preventing them from accessing the 
system bus if the processor does not have use of the 
bus. 

An external command sequence will cause the associ- 
ated microprocessor to enter a wait state until the bus 
is ready. The processor remains in the wait state until 
the bus arbiter acquires use of the multimaster system 
bus. Then, the arbiter allows the bus controller, data 
transceivers, and address latches to access the system. 
Once use of the bus has been acquired and data has 
been transferred, transfer acknowledge (XACK) is 
returned to the processor to indicate that the accessed 
slave device Is ready. The processor may then complete 
its transfer cycle. 

Features 

D Multimaster system bus protocol 

n 8086 and 8088 processor synchronization with multi- 
master bus 

D Simple interface with the 8288 bus controller and 

8283/8282 address latches to a system bus 
n Four operating modes for flexible system configuration 
n Simplified interface to Multibus™ systems 
D Parallel, Serial, and Rotating priority resolution 
n Bipolar buffering and drive capability 



Pin Configuration 



Functionai Configuration 



siC 


1 




20 


Hvcc 


iobC 


2 




19 


3^^ 


/resbC 


3 






3S0 


resbE 


4 






DCLK 


bclkC 


5 


MPB8289 
Bus 




J LOCK 


initE 


6 


Arbiter 




J CRQLCK 


breqC 


7 






D ANYRQST 


BPROC 


8 






jmi 


bprRE 


9 






UCBRQ 


GND C 


10 






HiusY 



vcc 







§5 


— INIT >. 




ocessor 
Status 




51 

S2 hPB 
8289 
LOCK 


1111 


. Multibus 
Interface 


Control 




CLK 


*— BUSY 




CRQLCK 


^^CbrqJ 


Options 




RESB 
ANYRQST 


SYSB/RRb] System 


l — 


iOl 


— AEN 


j Signals 



Pin identification 



Pin 
Number 


Pin Name 


Direction 


Pin Functions 


18, 19, 1 


SO, ST, S2 


IN 


Status inputs from the 8086 or 8088 
processor. The mPB8289 decodes them 
to begin bus requests and surrenders. 


17 


CLK 


IN 


Cloci( signal from the 8284 clock 
generator. 


16 


LOCK 


IN 








IN 




15 


CRQLCK 


Common Request Loclt. Prevents the 
MPB8289 from surrendering the bus in 
response to request on the CBRQ 
input. 



Resident Bus Input. This signal tells 
the MPB8289 that there is a multimaster 
and resident bu s. Wh en this signal is 
high, the SYSB/RESB pin handles bus 
arbitration. 



14 


ANYRQST 


IN 


to be surrendered to a lower priority 
arbiter 




2 


lOB 


IN 


I/O Bus. This signal tells the mPB8289 
that there is an I/O peripheral bus and 




13 


AEN 


OUT 


Address Enable. This output tells the 
8288 bus controller, 8284 clocl< driver, 
and the processor's address latches 
when to tri-state their output drivers. 




3 


SYSB/RESB 


IN 


System Bus/Resident Bus. This signal 
renders are permitted in SR mode. 





Common Bus Request. This is an input 
from a lower priority arbiter requesting 
the bus. It is an output from arbiters 
that surrender the multimaster bus 
upon request. 



TM: Multibus is a registered trademark of Intel Corporation. 
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6 


INIT 


IN 


initialize. This is an active low input 
that resets all bus arbiters on the multi- 
master bus. No arbiters have use of the 
bus following INIT. 


5 


BCLK 


IN 


System Bus Clock. This clock syn- 
chronizes all system bus Interface 
signals. 


7 


BREQ 


OUT 


Bus Request. This output is used by an 
arbiter to request use of the multimaster 
system bus. 


9 

1 


iPRN" 


IN 


Bus Priority In. This signal tells the 
arbiter it may acquire the bus on the 
next falling edge of BCLK. 



iuPB8289 

Block Diagram 




Multibus 

Command 

Signals 



SYSB/RE§B . 



System 
Signals 



Pin Functions (Cont.) 



Number 


Pin Nam* 




Pin Functions 


8 


BPRO 


OUT 


Bus Priority Out. In serial priority resolv- 
ing schemes, this output daisy-chains 
to BPRN of the next lower priority 
arbiter. 


11 


BUSY 


IN/OUT 


Busy notifies all arbiters on the bus 
when the bus is available. The highest 

pulls BUSY low to keep other arbiters 
pff the bus. 


20 


vcc 


IN 


+ 5V 


10 


GND 


IN 


Ground 



Bus Master Arbitration 

Higher priority masters generally acquire use of the bus 
when a lower priority master completes its present 
transfer cycle. Lower priority masters acquire the bus 
when no higher priority master is accessing the system 
bus. The ANYRQST strapping option allows the arbiter 
to surrender the bus to a lower priority master as if it 
were a higher priority master. The arbiter maintains the 
bus as long as no other bus masters are requesting the 
bus and its processor has not entered the Halt state. 
The arbiter does not voluntarily surrender the bus and 
must be fprced off by a request from another bus 
master, unless the arbiter's processor has entered the 
Halt state. Additional strapping options allow for other 
sets of conditions. 

Priority Resolving Techniques 

The fiPB8289 provides several techniques for resolving 
priority between the many possible bus masters of a 
multimaster system bus. All pf these techniques 
assume that one bus master will have priority over all 
others at any given time. You may use Parallel, Serial, 
or Rotating Priority Resolving. 



Parallel Priority Resolving 

This technique uses a Bus Request line (BRE Q) for each 
arbiter on the multimaster system bus. Each BREQ line 
goes to a priority encoder that g enerates the address of 
the highest priority active BREQ line. This binary 
address is decoded to select the Bus Priority In line 
(BPRN) that is returned to the highest pri ority a ctive 
arbiter. The arbiter that receives priority (BPRN true) 
allows its bus master onto the multimaster system bus 
as soon as the bus becomes available. An arbiter that 
gets priority over another arbiter cannot immediately 
seize the bus, but must wait until the current bus trans- 
action is complete. When the transaction is complete, 
the curre nt occupant of the bus surrenders the bus by 
releasing BUSY. BUSY is an active low OR tied line 
which goes to every arbiter on the system bus. When 
BUSY goes high (in active ), the priority arbiter seizes 
the bus and brings BUSY low to keep other arbiters off 
the bus. Note that all multimaster syste m bus t ransac- 
tions are, synchronized to the bus clock (BCLK). 



Parallel Priority Resolving 



BREQ 






^^ 



{} 



BUS 
ARBITER 



BUS 

ARBITER 

2 



BREQ 



{^ 



BUS 
ARBITER 



{^ 



BUS 
ARBITER 



74148 
PRIORITY 
ENCODER 



74138 

3-TO-8 

DECODER 
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Higher Priority Arbiter Obtaining the Bus from 
a Lowoi* Priority Arbiter 




Notes: 

Higher priority arbiter requests the system bus. 

(§) Attains priority. 

(§) Lower priority arbiter releases BUSY. 

(g) Higher priority arbiter then acquires the bus and pulls BUSY low. 



Serial Priority Resolving 

The serial priority resolving technique daisy-chains the 
bus arbit ers tog ether by conn ecting the higher priority 
arbiter's BPRO output to the BPRN of the next lowest 
priority arbiter. This eliminates the need for the priority 
encoder-decoder arrangement. The number of arbiters 
that m ay be daisy-chained together is a function of 
BCLK and the propagation delay from arbiter to arbiter. 
At 10 MHz, only 3 arbiters may be daisy-chained. 



{^ 



c?- 



^9- 



{^ 



BUS 
ARBITER 



1 



BUS 
ARBITER 



{^ 



BUS 

ARBITER 

3 



{^ 



BUS 

ARBITER 

4 



BPRN 



cbrq : 



Rotating Priority Resolving 

This technique resembles the parallel priority resolving 
technique except that priority is dynamically reassigned. 
The priority encoder Is replaced by a circuit that rotates 
priority between arbiters to allow each arbiter an equal 
chance to use the system bus. 



Modes of Operation 

The jLtPB8289 has two basic operating modes: I/O 
Peripheral Bus mode (TDB mode), and Resident Bus 
mode (RESB mode). Th e lOB strapping option con- 
figures the |LiPB8289 into lOB mode and the RESB 
strapping option configures it to RESB mode. If both 
options are strapped false, the arbiter interfaces the 
processor to a multimaster system bus only. If both 
options are strapped true, the arbiter interfaces the 
processor to a multimaster system bus, a resident bus, 
and an I/O bus. 

lOBMode 

!UB mode allows the processor to access both an I/O 
peripheral bus and a multimaster system bus. On an 
I/O peripheral bus, all devices on the bus. Including 
memory, are treated as I/O devices and addressed by 
I/O commands. All memory co mman ds are directed to 
the multimaster system bus. In JOB mode, the proces- 
sor communicates with and controls peripherals over 
the peripheral bus and communicates with system 
memory over the system memory bus. 

RESB Mode 

RESB mode allows the processor to communicate over 
both a resident bus and a multimaster system bus. A 
resident bus can issue memory and I/O commands, but 
it is separate from the multimaster system bus. The 
resident bus has one master and is dedicated to only 
that master. The 8086 and 8088 can communicate with 
a resident bus and a multimaster system bus. The proc- 
essor can access the memory and peripherals of both 
buses. Me mory m apping selects which bus is accessed. 
The SYSB/RESB input on the arbiter instructs the 
arbiter on wh ich bus to access. The signal connected to 
SYSB/RESB also enables and disables commands from 
one of the bus controllers. 
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Mode Summary 







status Lines 
From 8086 or 




lOB Mode 
Only 


RESB (Mode) Only 


lOB B Low RESB 


Mode 
r High 


Single 
Jkis Mode 
iOB a High 
RESB s Low 




S2 


SI 


so 


lOB = Low 


SYSemESB s 
High 


SYSBmESB s 
Low 


SYSB/RESB s 
High 


SYSB/RESB s 
Low 




I/O Commands 












1 


X 
X 


1^ 




X 
X 


X 
X 




X 
X 


<- 







1 





X 


!/> 




X 


X 




X 


v' 


Halt 





1 


1 


X 


X 




X 


X 




X 


X 




1 
1 
1 





1 




1 




1/" 






X 
X 
X 


»^ 




X 
X 
X 


•^ 


Idle 


1 


1 


1 


X 


X 




X 


X 




X 


X 



Notes: 

^ X = 



Multimaster System Bus is allowed to be surrendered. 
•■ Multimaster System Bus is requested. 



Multimaster System Bus 



Mode 



Pin 
strapping Requested * 



Surrendered * 



Single Bus IOB = High When the proc- 
Muitimaster RESB = Low essor's status 
Mode lines go active 



HLT + Tl • HPBRQt 



RESB Mode IOB = High SYSB/RESB = 
Only RESB = High High 2 Active 



(SYSB/RESB = 
Low + Tl) CBRQ + 
HLT + HPBRQ 



IOB Mode IOB = Low Memory 
Only RESB = Low Commands 



(I/O Status + Tl) • 
CBRQ + HLT + 
HPBRQ 



IOB Mode • IOB = Low (Memory 
RESB Mode RESB = High Comm and) • 
(SYSB/RESB 
High) 



((I/O Status 
Comm ands) + (Tl) 
(SYSB/RESB = 
Low) • CBRQ + 
HPBRQt + HLT) 



Notes: 

Except for HALT and Idle status. 

@ LOCK prevents surrender of bus to any other arbiter. CRQLCK 

prevents surrender of bus to a lower priority arbiter. 
@ HLT = processor halt; S2-S0 = 011. 
® Tl = processor idle; S2-S0 =111. 
(D + means OR. 
® • means AND. 
t HPBRQ = higher priority bus request or BPRN = 1 . 



DC Characteristics 

Ta = O'Cto +70*»C;Vcc 



5V ±100/0 





Symbol 




Limits 


Unit 




Parameter 


mn 


Typ 


Max 


Test Conditions 


Input Low Voltage 


V|L 






0.8 


V 




Input High Voltage 


V|H 


2.0 






V 




Input Clamp Voltage 


vc 






-1.0 


V 


Vcc = 4 50V, 
IC = -5 mA 


Input Forward Current 


'F 






-0.5 


mA 


Vcc = 5.50V, 
Vp = 0.45V 


Reverse Input Leakage 
Current 


<R 






60 


mA 


Vcc = 5.50V 
Vr = 5.50V 


Output Low Voltage 
BUSY, CBRQ 
AEN 
BPRO.BREQ 


Vol 






0.45 
0.45 
0.45 


V 
V 
V 


IqI, = 20 mA 
Iql = 16 mA 
IOL = 10mA 


Output High Voltage 
BUSY, CPIQ 


VOH 




Open Collector 




All Other Outputs 




2.4 






V 


•oh = *00 mA 


Power Supply Current 


«cc 






165 


mA 




Capacitance 




ymbol 




Limits 




Unit 




Parameter S 


mn 


Typ 


Max 




Input Capacitance Cin Status 






25 


PF 




Input Capacitance Cm (Others) 






12 


pF 





Absoiute Maximum Ratings 


* 


Ta = 25°C 


operating Temperature 


0°Cto70°C 


Storage Temperature 


-65°Cto+150°C 


Voltage on Any Pin 


~0.5Vto+7V 


All input Voltages 


-1.0Vto+5.5V 


Power Dissipation 


1.5W 



* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



1)BUSY, CBRQ 



250 pF 



3) BPRO, BREQ c 



2)AEN 




100 pF 



: 60 pF 
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Typical CPU System Using 
the MPB8289 Bus 
Arbiter 



HDh 



READY RDY1 

8284A 
Clock 
Driver 



CLK 



glNI 



AD0-AD15 
A16-A19 



1 vcc 






n 



Status (§0, §1 . S2) 



Processor 
Local Bus 



Controller 
-»J CLK 8288 



iOB 
DT/R 



61 STB 

Address 
Latch 

8282/ 
8283 



n. 



<3 



OE T 

Transceiver 



8286/ 
8287 



MPB8289 



-x( XACK 



Control 
Bus 



Command 
Bus 



Address 
Bus 



y 
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MPB8289 



r^' 



XACK(l/OBus)- 



8284A 
Clock 



8089 
lOP 



AD0-AD15 ?? 
A16-A19 S2 



■c 



7^ 



AEN2 



^, 



Bus 
Arbiter 



Status (S0,S1,S2) 



i L 



Oi STB 

8283/ 



10 yi — 8282 yi i 

Address y Address ( 

Bus \^ Latch \j 1 



08286/8287 y\ | 
Transceiver / 
(2) \ 



^ 



tzu 



8288 

BUS 

Controller 



8283/ 

8282 
Address 

Latch 
(2 OR 3) 



- XACK Multi-master 
System Bus 



:> 



Multi-master 
Control 



> 



Multi-master 
System 
Command 
Bus 



_XCVR 
DISABLE 



> 



Multi-master 
System 
Address 
Bus 



I K 8286/8287 a 

\. Transceiver /^ 

1/ (2) V 



:> 



Multi-master 
System 
Data 
Bus 



_ Multi-master 
System Bus 



TYPICAL 10B System 
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MPB8289 



Jl^ 



8284A 
Clock 



RDY2 RDY1 
READY CLK 



READY CLK 
S0-S2 



AD0-AD15, 
A16-A19 



-XACK Multi-master 
System Bus 



Resident Command 



c 



rj. 



Prom 

OR 

Decoder 



Resident Address 
Bus 



c 



JY 



1 



S0-S2 
188 

CLK 

DT/R 
DEN 



K= 



ri 



8282/8283 A I I 

Address / 

Latch \ 
(2 OR 3) N I I I 



D^ 



8289 
— Bus 
iP- Arbiter 
S2 



CLK ANYRQST 

SYSB/ 

AEN RiSB 



o 

3 



Multi-master System 
Bus Control 



-vcc 



S0-S2 

8288 
CLK 

DT/R 
DEN 



lOB 
ALE 



Resident Data 
Bus 



C=^ 



8286/8287 

Transceiver 

(2) 



^ 



Multi-master System 
Command Bus 



X 8282/8283 

\ Address 
y Latch 

V (2 OR 3) 



^ 



Multi-master System 
Address Bus 



^V 8286/8287 y/^ — N. 
^ Transceiver f ^ 

V (2) V-t/ 



< Multi-master System 
'^ Data Bus 



_ Multi-master 
"System Bus 




*By addmg another 8289 arbiter and connecting its AEN to the 8288 whose AEN is presenty grounded, 
the processor could have access to two multi-master buses. 
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AC Characteristics 
Timing Requirements 

Ta = 0«»Cto +70''C;Vcc = 5V +IO0/0 





Symbol 




Limits 




Unit 




Parameter 


MIn 


Typ 


Max 


Test Conditions 


CLK Cycle Period 


*CLCL 


125 






ns 




CLK Low Time 


tCLCH 


65 






ns 




CLK High Time 


tCHCL 


35 






ns 




Status Active 
Setup 


*SVCH 


65 


tCLCL-10 


ns 




Status Inactive 
Setup 


tSHCL 


50 


tCLCL-10 


ns 




Status Active 
Hold 


tHVCH 


10 






ns 




Status Inactive 
Hold 


tHVCL 


10 






ns 




BUSYti Setup to 
BCLKi 


^BYSBL 


20 






ns 




CBRQn Setup to 
BCLKi 


^CBSBL 


20 






ns 




BCLK Cycle Time 


^BLBL 


100 






ns 




BCLK High Time 


tBHCL 


30 


65 (tBLBL) 


ns 




LOCK Inactive 
Hold 


tCLLLI 


10 






ns 




LOCK Active 
Setup 


tCLLL2 


40 






ns 




BPRNjt to BCLK 
Setup Time 


tpNBL 


15 






ns 




SYSB/RESB Setup 


*CLSR1 









ns 




SYSB/RESB Hold 


tCLSR2 


20 






ns 




Initialization Pulse 
Width 


*IVIH 


3 tBLBL + 
3 ^CLCL 






ns 




Input Rise Time 


t|LIH 




20 




ns 


From 0.8V to 2.0V 


Input Fall Time 


tlHIL 




12 




ns 


From 2 OV to 0.8V 


Timing Responses 




Symbol 




Umfts 




Unit 




Parameter 


MIn 


Typ 


Max 




BCLK to BREQ 
Delay ® 


tBLBRL 






35 


ns 




BCLK to BPRO 


^BLPOH 






40 


ns 




BPRNit to BPROU 
Delay ® (5) 


tpNPO 






25 


ns 




BCLK to BUSY 
Low 


^BLBYL 






60 


ns 




BCLK to BUSY 
Float (D 


tBLBYH 






35 


ns 




CLK to AEN High 


tCLAEH 






65 


ns 




BCLK to AEN Low 


*BLAEL 






40 


ns 




BCLK to CBRQ 
Low 


%LCBL 






60 


ns 




BCLK to CBRQ 
Float (D 


tRLCRH 






35 


ns 




Output Rise Time 


*OLOH 






20 


ns 


From 0.8V to 2.0V 


Output Fall Time 


^OHOL 






12 


ns 


From 2.0V to 0.8V 



Notes: 

(J) Denotes that the spec applies to both transitions of 
the signal. 



AC Test Condition Waveform 

Input/Output 



— V V — 

Vl 5-. Test Points ►I sV 



AC Testing inputs are driven at 2.4V for LOGIC 1 and 0.45V for LOGIC 0. The clock is 
driven at 4.3V and 0.25 Timing measurements are made at 1 .5V for LOGIC 1 and 0. 



Timing Waveforms 

The signals related to CLK are typical processor signals 
and do not relate to the d epicte d sequence of events of 
the signals referenced to BCLK. The signals shown 
related to the BCLK represent a hypothetical sequence 
of events for illustration. Assume three bus arbiters of 
priorities 1, 2, and 3 configured in the serial priority 
resolvin g sche me. Assume arbiter 1 has the bus and is 
holding BUSY low . Arbit er 2 detect s its p rocessor wants 
the bus and pulls BRE Q #2 lo w. If BPRN #2 is high (as 
shown), arbiter 2 pulls CBRQ low. CBRQ signals to 
higher priority arbiter 1 that a lower priority arbiter 
wants the bus. A higher priority arbiter would be given 
BPRN when it makes the bus request rather than having 
to wait for another arbiter to release the bus through 
CBRQ. Arbiter 1 relinquishes the multimaster system 
bus w hen it e nters a sta te of n ot requiring it, by l ower- 
ing its BPRO #1 (tied to BPRN #2) and rel easing BUSY. 
Arbiter 2 now sees that it has priority from BPRN #2 
being low and releases CBRQ. As soon as B USY si gni- 
fies the bus is available (hi gh), ar biter 2 pulls BUSY low 
on the next falling edge of BCLK. Note that if arbiter 2 
didn't want the bus at the time it received priority, it 
wo uld pa ss priority to the next lower priority by lowering 
its BPRO #2 (TPNPO). Note also that even a higher 
priority aribiter which is acqu iring th e bus through 
BPRN will momentarily drop CBRQ until it has acquired 
the bus. 



BCLK generates the first BPRO. Subsequent changes of BPRO 
are generated through BPRON 
Measured at 0.5V above GND 
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Timing Waveforms 



MPD8289 



i 



'^ 



S2, Si, So 



\ 



'C 



'^ 



"^r 



.L — \- 



r^, ^^ 



i 



Jt" 



/ 




BPRN #2 
(BPRO #1) 



BPRO #2 
(BPRN #3) 



"^- 



"^^ 



J' 



X 



1 



"^. 



^ T 
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Package Outlines 

For information, see Pacicage Outline Section 7. 



Cerdip, fjiPB8289D 
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NEC 



fiPD8355 

jL(PD8355-2 

iL(PD8755A* 



16,384-BIT ROM WITH I/O PORTS 
*16,384-BIT EPROM WITH I/O PORTS 



DESCR IPTION The juPD8355 and the iuPD8755A are juPDSOSSA Family components. The /l(PD8355 
contains 2048 x 8 bits of mask ROM and the /LtPD8755A contains 2048 x 8 bits of 
mask EPROM for program development. Both components also contain two general 
purpose 8-bit I/O ports. They are housed in 40 pin packages, are designed to directly 
interface to the /iPD8085A, and are pin-for-pm compatible with each other. 



F E ATU R ES • 2048 X 8 Bits Mask ROM (/iPDBSBS and iuPD8355-2) 

• 2048 X 8 Bits Mask EPROM (mPD8755A) 

• 2 Programmable I/O Ports 

• Single Power Supplies: +5V 

• Directly Interfaces to the /iPD8085A 

• Pin for Pin Compatible 

• juPD8755A: UV Erasable and Electrically Programmable 

• iuPD8335 and /jPD8355-2 Available in Plastic Package 

• /LtPD8755A Available in Ceramic Package 



PIN CONFIGURATIONS fc , 



CEC 


1 ^-^ 


40 


D vcc 


CEC 


1 ^ 40 


DVcc 


CEC 


2 


39 


DPB7 


CEC 


2 


39 


3 PB7 


CLK C 


3 


38 


3 PBs 


CLKC 


3 


38 


DPB6 


RESET C 


4 


37 


DPB5 


RESET C 


4 


37 


DPB5 


NC C 


5 


36 


3 PB4 


VddC 


5 


36 


DPB4 


READY C 


6 


35 


DPB3 


READY C 


6 


35 


DPB3 


\omc 


7 


34 


DPB2 


lO/M C 


7 


34 


DPB2 


lOR C 


8 


33 


3 PBi 


lOR C 


8 


33 


DPBi 


RD C 


9 


32 


3 pbq 


rdC 


9 


32 


3 PBo 


lOW C 


10 mpd 


31 


DPA7 


lOWC 


10 juPD 31 


DPA7 


ALEC 


1 1 8355/ 


30 


DPA6 


ALE C 


1 1 8755A 30 


DPAe 


ADqC 


12 8355-2 


29 


3 PA5 


ADqC 


12 


29 


3 PA5 


ADi C 


13 


28 


11 PA4 


ADi C 


13 


28 


3 PA4 


AD2C: 


14 


27 


3 PA3 


AD2C 


14 


27 


3 PA3 


AD3C 


15 


26 


3 PA2 


AD3C 


15 


26 


3 PA2 


AD4C 


16 


25 


3 PAi 


AD4C 


16 


25 


3 PAi 


AD5C 


17 


24 


13 paq 


AD5C 


17 


24 


3 paq 


ADeC 


18 


23 


3 Aid 


ADeC 


18 


23 


13 A10 


AD7C 


19 


22 


DA9 


AD7C 


19 


22 


DA9 


vssC 


20 


21 


DA8 


vssC 


20 


21 


Dab 


NC: r 


slot Connected 
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MPD8355/8755A 



TheiLtPD8355 and /iPD8755A contain 16,384 bits of mask ROM and EPROM 
respectively, organized as 2048 X 8. The 2048 word memory location may be 
selected anywhere within the 64K memory space by using the upper 5 bits of 
address from the /iPD8085A as a chip select. 

The two general purpose I/O ports may be programmed input or output at any 
time. Upon power up, they will be reset to the input mode. 



FUNCTIONAL DESCRIPTION 




Vdd® 

I 



Vcc (+5V) 



BLOCK DIAGRAM 



2048 X 8 
ROM 



PA 



-PAo 



Note 



Vss (OV) 
® Vqd applies to mPD8755A only. 



Operating Temperature ()uPD8355) 0°C to +70°C 

()UPD8755A) 0°Cto+70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin (juPD8355) -0.5 to +7V 

(A(PD8755A) -0.5 to +7V 

Power Dissipation 1 .5W 

Note: With Respect to Ground 

Ta = 25°C 

♦COMMENT: Stress above those listed under "Absolute Maximunn Ratings" nriay cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



ABSOLUTE MAXIMUM 
RATINGS* 



Ta = 0°Cto+70''C;Vcc = 


5V ± 5% 










PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 


input Low Voltage 


VlL 


-0.5 


0.8 


V 


Vcc = 5.0V © 


Input High Voltage 


V|H 


2.0 


Vcc+0.5 


V 


Vcc = 5.0V® 


Output Low Voltage 


Vol 




0.45 


V 


l0L = 2 mA 


Output High Voltage 


VOH 


2.4 




V 


lOH = -400 mA 


Input Leakage 


«IL 




10 


mA 


V|N = VcCtoOV 


Output Leakage Current 


ILO 




±10 


ma 


0.45V <VouT <Vcc 


Vcc Supply Current 


'CC 




180/125 


mA 


MPD8355/8355-2 



DC CHARACTERISTICS 



Note: ® These conditions apply to iuPD8355/iuPD8355-2 only. 
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PIN IDENTIFICATION 



I/O PORTS 



PIN 


FUNCTION 


NO. 


SYMBOL 


NAME 


1,2 


CE, CE 


Chip Enables 


Enable Chip activity for 
memory or I/O 


3 


CLK 


Clock Input 


Used to Synchronize Ready 


4 


Reset 


Reset Input 


Resets PA and PB to all inputs 


5® 


NC 


Not Connected 




5® 


vdd 


Programming 
Voltage 


Used as a programming voltage, 
tied to +5V normally 


6 


Ready 


Ready Output 


A tri-state output which is 
active during data direction 
register loading 


7 


lO/M 


I/O or Memory 
Indicator 


An input signal which is used 
to indicate I/O or memory 
activity 


8 


lOR 


I/O Read 


I/O Read Strobe In 


9 


RD 


Memory Read 


Memory Read Strobe In 


10 


low 


I/O Write 


I/O Write Strobe In 


11 


ALE 


Address Low 
Enable 


Indicates information on 
Address/Data lines is valid 


12-19 


AD0-AD7 


Low Address/Data 
Bus 


Multiplexed Low Address and 
Data Bus 


20 


vss 


Ground 


Ground Reference 


21-23 


A8-A10 


High Address 


High Address inputs for ROM 
reading 


24-31 


PA0-PA7 


Port A 


General Purpose I/O Port 


32-39 


PB0-PB7 


Port B 


General Purpose I/O Port 


40 


vcc 


5V Input 


Power Supply 



Notes: ®iLiPD8355 
® AIPD8755A 

I/O port activity is controlled by performing I/O reads and writes to selected I/O port 
numbers. Any activity to and from the jLtPD8355 requires the chip enables to be active. 
This can be accomplished with no external decoding for multiple devices by utilizing 
the upper address lines for chip selects. ® Port activity is controlled by the following 
I/O addresses: 



ADi 


ADo 


PORT SELECTED 


FUNCTION 








A 


Read or Write PA 





1 


B 


Read or Write PB 


1 





A 


Write PA Data Direction 


1 


1 


B 


Write PB Data Direction 



Since the data direction reglsterts for PA and PB are each 8-bits, any pin on PA or PB 
may be programmed as input o^ output (0 = in, 1 = out). 

Note: ® During ALE time the data/address lines are duplicated on A15-A8. 
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/iPD8355/8755A 



Ta = 0°C t 


o70°C,Vcc=5V±5% 














Symbol 


Parameter 


8355 


8355-2 


Unit 


Test 
Conditions 


Min 


Max. 


Mm. 


Max 


tCYC 


Clock Cycle Time 


320 




200 




ns 


Cl0AD = 150 pF 


Ti 


CLK Pulse Width 


80 




40 




ns 


T2 


CLK Pulse Width 


120 




70 




ns 


tf,tr 


CLK Rise and Fall Time 




30 . 




30 


ns 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


150 pF Load 


tLA 


Address Hold Time after Latch 


80 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Dealy from READ Control 




170 




140 


ns 


tAD 


Address Stable to Data Out Valid 




400 




330 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float after READ 





100 





85 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width 


250 




200 




ns 


tDW 


Data m to Write Set Up Time 


150 




150 




ns 


tWD 


Data in Hold Time After WRITE 


10 




10 




ns 


twp 


WRITE to Port Output 




400 




400 


ns 


tPR 


Port Input Set Up Time 


50 




50 




ns 


tRP 


Port Input Hold Time 


50 




50 




ns 


tRYH 


READY HOLD Time 





160 





160 


ns 


tARY 


ADDRESS (CE) to READY 




160 




160 


ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


tRDE 


READ Control to Data Bus Enable 


10 




10 




ns 



AC CHARACTERISTICS 



30 ns for mPD8755A 
Cl0AD = 150 pF 



ROM READ, I/O READ AND WRITE ® 

-tQYC »H h-e- T2- 



TIMING WAVEFORMS 



<\_^ — v_y — ^—^^ — V 



A8-10 Y 



(CE = 1)« 
(CE = 0) 



x: 



:^^n ' — 



.^Jl 



RD 
lOR 



v 



\. 



> — c 



x: 



f 



X 



PROM READ, I/O READ AND WRITE 

As 10~~~~)( ADDRESS ( 



APO-7 Yr ADDRESS ^h 'j '' ) ( [^ DATA ^ K -^ 



^^^ 



■^. 



\ 



X 



k: 



\ 



\ 



Notes: © mPD8355 
I MPD8755A 



y 



/ 



> 



y 



X. 



CE must remain low for the entire cycle 
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MPD8355/8755A 



TIMING WAVEFORMS 
(CONT.) 



CLOCK 




WAIT STATE TIMING (READY = 0) 




INPUT MODE 



I/O PORT 



ROOR 
lOR 



\ 



PORT 
INPUT 



3: 



/ 



X 



:x 




OUTPUT MODE 



PORT 
OUTPUT 



DATA 
BUS 



V 



/■ 



y^ 



GLITCH FREE 
OUTPUT 



:x 



X 



EPROM PROGRAMMING 
MPD8755A 



Erasure of the iLtPD8755A occurs when exposed to ultraviolet light sources of wave- 
lengths less than 4000 A. It is recommended, if the device is exposed to room 
fluorescent lighting or direct spnlight, that opaque labels be placed over the window to 
prevent exposure. To erase, expose the device to ultraviolet light at 2537 A at a 
minimum of 15 W-sec/cm2 (intensity X expose tinne). After erasure, all bits are in the 
logic 1 state. Logic O's must be selectively programmed into the desired locations. It 
is recommended that NEC's PROM programmer be used for this application. 
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MPD8355/8755A 



Package Outlines 

For information, see Pacicage Outline Section 7. 



Plastic, ^JlPD8355HC/8755AC 

Ceramic, |xPD8355D 

Ceramic, ^PD8355HD 

Ceramic, |xPD8755AD 

Cerdip, ^PD8755AD, has quartz window 



8355/8355-2/8755ADS-REV2-7-83-CAT 
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NEC 



PACKAGE OUTLINES 



B 



PACKAGE OUTLINES 

All packaging information is contained in this Package Outlines section. Specifications and dimensions for every 
package are shown together with a list of the products available in each. Additions, changes, and updates will be 
incorporated in succeeding editions of the catalog. 



■ 16 PIN 



Item 


Millimeters 


inches 


A 


19.4 max 


0.76 max 


B 


0.81 


0.03 


C 


2.54 


0.10 


D 


0.5 


02 


E 


17.78 


0.70 


F 


1.3 


0.051 


G 


2.54 mm 


0.10 min 


H 


0.5 mm 


02 min 


1 


4.05 max 


0.16 max 


J 


4.55 max 


18 max 


K 


7.62 


0.30 


L 


6.4 


25 


M 


+ 10 
0-25 -0.05 


0.01 




Item 


Millimeters 


inches 


A 


19.9 max 


0.784 max 


B 


1.06 


0.042 


c 


2.54 


0.10 


D 


0.46 ± 0.10 


0.018 ± 0.004 


E 


17.78 


0.70 


F 


1.5 


0.059 


G 


2.54 mm 


0.10 min 


H 


0.5 min 


0.019 min 


1 


4.58 max 


0.181 max 


J 


5.08 max 


0.20 max 


K 


7.62 


0.30 


L 


6.4 


0.25 





n 



If 





Plastic 

^JLPB8216C/26C 



~~*JI^M 0-15'-^ L^ 



Cerdip 

^JLPB8216D/26D 



item 


Millimeters 


inches 


A 


23.2 max 


0.91 max 


B 


1.44 


0.055 


C 


2.54 


0.1 


D 


0.45 


0.02 


E 


20.32 


0.8 


F 


1.5 


0.059 


G 


2.5 mm 


0.1 min 


H 


5 min 


0.02 min 


1 


4.6 max 


0.18 max 


J 


5.1 max 


0.2 max 


K 


7.62 


0.3 


L 


6.7 


0.26 


M 


0.25 


0.01 



„ A .- 


E 



-18 PIN 



Plastic 

^JLPD8284AC 




~ii~. 



JV 
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PACKAGE OUTLINES 

18 PIN (Cont.) 
Cerdip 

|xPB8284AD 



20 PIN — 
Plastic 

)iPB8282C/83C 
|xPB8286C/87C 



h—^ — -l 



-^/^M 



P^ "W 



Jl 



t 



i M 



Hl-D 



^-Jck- 



TTo 



Cerdip 

^PB8282D/83D 
HiPB8286D/87D 
^,PB8288D 
^PB8289D 



-//-- 



A 



wmm. 



w/^« 



0-15°^ 



mmw± 



0.25-0.10 
-0.05 



0.01 - 0.004 
- 0.002 



0.018 ± 0.004 



24 PIN - 
Plastic 

M.PB8212C 
^PD8243C 
^PD82C43C 
jjiPD8253C-5 



W/^. 



0-15"^ 



mmm 



-F -H c h- -*^r-c 



h0.10 
- 0.05 
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PACKAGE OUTLINES 

I—- 24 PIN (Cont.) 



It«m 


Millimeters 


Inches 


A 


30.78 max 


1.21 max 


B 


1.53 max 


0.06 max 


C 


2.54 ± 0.1 


0.10 ± 0.004 


D 


0.46 ± 0.8 


0.018 ± 0.03 


E 


27.94 ± 0.1 


1.10 ± 0.004 


F 


1.02 min 


0.04 min 


G 


3.2 min 


0.13 min 


H 


1.02 min 


0.04 min 


1 


3.23 max 


0.13 max 


J 


4.25 max 


0.17 max 


K 


15.24 typ 


0.60 typ 


L 


14.93 typ 


0.59 typ 


M 


0.25 ± 0.05 


0.010 ± 0.002 




Item 


Millimeters 


Inches 


A 


33.5 max 


1.32 max 


B 


2.78 


0.11 


c 


2.54 


0.1 


D 


0.46 


0.018 


E 


27.94 


1.1 


F 


1.5 


0.059 


G 


2.54 min 


0.1 min 


H 


0.5 min 


0.019 min 


1 


4.58 max 


0.181 max 


J 


5.08 max 


0.2 max 


K 


15.24 


0.6 


L 


13.5 


0.53 


M 


+ 0.10 
0.25 

- 0.05 


+ 0.004 
0.01 

- 0.002 


Item 


Millimeters 




A 


33 max 


1 .3 max 


B 


2.53 


0.1 


c 


2.54 


0.1 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


27.94 


1.1 


F 


1.5 


0.059 


G 


2.54 min 


0.1 min 


H 


0.5 min 


0.02 min 


1 


5.22 max 


0.205 max 


J 


5.72 max 


0.225 max 


K 


7.62 


0.30 


L 


6.4 


0.25 



wwmw 



— F ^ck -nkc 



i u 

H i 



-F ^ck-— Ik-D 



— ^— A 





■v/-« 



V 



-tl 



'/-M 



^ 



W/^M 



0-15°^ 



Ceramic 

piPD8243D 
^PD8253D-5 



Cerdip 

M^PB8212D 
^PD8243D 
fjLPD82C43D 
|xPD8253D-5 



Plastic 
SIcinnydip 

^PD82C43CX 




> 28 PIN 



Item 


Millimeters 


Inches 


A 


38.0 max 


1.496 max 


B 


2.49 


0.098 


C 


2.54 


0.10 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


33.02 


1.3 


F 


1.5 


0.059 


G 


2.54 min 


0.10 mm 


H 


0.5 min 


0.02 min 


i 


5.22 max 


0.205 max 


J 


5.72 max 


0.225 max 


K 


15.24 


0.6 


L 


13.2 


0.52 



mmwmm. 



-Hch- -nko 



WKm 



0-15°^ 



Plastic 

^C0M-4C 

|xPD557LC 

|xPD550C/554C 

M,PD550LC/554LC 

JXPD7506C 

jjiPD7507SC 

fjLPD7520C 

JXPD8021C 

jjiPD8251 AC/AFC 

PLPD8259AC 
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PACKAGE OUTLINES 

28 PIN (Cont,) 
Ceramic 



|xPD7720D 
JXPD77P20D* 
|xPD8251AD/AFD 
*has quartz window 



Cerdip 

|xPD8021D 

(JLPD8251AD/AFD 

M.PD8259AD 



Plastic 
Shrinkdip 

tiPD7506CT 

piPD7520CT 

|xPD7507SCT 

jjiPD554CT 

JJLPD550CT 

jjiPD557LCT 



40 PIN - 
Plastic 



-/A-M 



V 



mmmm 



^ck ,|kc 



'~^lh~-M 



„ A «- 


-. E *■ 



-1^. 



0-15°^ 



L 



wmmmm 

h — ^ E -I 



Item 


Millimeters 


Inches 


A 


36.2 max 


1.43 max 


B 


1.59 max 


0.06 max 


C 


2.54 ± 0.1 


0.1 ± 0.004 


D 


0.46 ± 0.01 


0.02 ± 0.004 


E 


33.02 ± 0.1 


1.3 ± 0.004 


F 


1.02 min 


0.04 min 


G 


3.2 min 


0.13 min 


H 


1.0 min 


0.04 min 


1 


3.5 max 


0.14 max 


J 


4.5 max 


0.18 max 


K 


15.24 typ 


0.6 typ 


L 


14.93 typ 


0.59 typ 


M 


0.25 ± 0.05 


0.01 ± 0.002 




Item 


Millimeters 


Inches 


A 


37.7 max 


1.48 max 


B 


2.78 


1.1 


C 


2.54 


0.1 


D 


0.46 ± 0.10 


0.018 ± 0.004 


E 


27.94 


1.10 


F 


1.3 


0.05 


G 


2.54 min 


0.1 min 


H 


0.5 min 


0.020 


1 


5.0 max 


0.20 


J 


5.5 max 


0.216 


K 


15.24 


0.60 


L 


14.66 


0.58 


M 


0.25 ± 0.05 


0.010 ± 0.002 




Item 


Millimeters 


Inches 


A 


15.95 max 


.628 max 


C 


1.778 


.07 


D 


0.5 


.02 


E 


24.89 


.98 


F 


1.1 


.043 


G 


2.54 


.1 


H 


.51 min 


.02 min 


J 


5.08 max 


.2 max 


K 


15.24 


.600 


L 


13.2 


.52 


M 


+ 0.10 
0.25 

- 0.05 


+ .004 
.01 

- .002 




Item 


Millimeters 


Inches 


A 


51.5 max 


2.028 max 


B 


1.62 max 


0.064 max 


C 


2.54 ± 0.1 


0.10 ± 0.004 


D 


0.5 ± 0.1 


0.019 ± 0.004 


E 


48.26 ± 0.1 


1.9 ± 0.004 


F 


1.2 min 


0.047 min 


G 


2.54 min 


0.10 min 


H 


0.5 min 


0.019 min 


1 


5.22 max 


0.206 max 


J 


5.72 max 


0.225 max 


K 


15.24 typ 


0.600 typ 


L 


13.2 typ 


0.520 typ 



jjiPD7507C/08C 

jjiPD7508AC 

M^PD7508HC 

(XPD8041AC 

^PD8048HC/35HLC 

fxPD80C35C/C48C 

|xPD8049HC/39HLC 

^PD80C49C/C39C 

fjLPD780C 

^PD8085AC/AHC 

jjiPD765AC/7265C 

|xPD7201AC 

fxPD7210C 

M.PD7751C 



.i- 




T " "J 






-F — |c^ 



^kc 



fjLPD8155C/56C 

fxPD8237C-5 

tiPD8255AC-5 

M-PD8257C-5 

M,PD8279C-5 

JJLPD8355HC/8755AC 



W/-« 



-J W-0-15° 
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Item 


Millimeters 


Inches 


A 


51.5 max 


2.03 max 


B 


1.62 max 


0.06 max 


C 


2.54 ± 0.1 


0.1 ± 0.004 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


48.26 ± 0.1 


1.9 ± 0.004 


F 


1.02 min 


0.04 min 


G 


3.2 min 


0.13 min 


H 


1.0 min 


0.04 min 


1 


3.5 max 


0.14 max 


J 


4.5 max 


0.18 max 


K 


15.24 typ 


0.6 typ 


L 


14.93 typ 


0.59 typ 


M 


0.25 ± 0.05 


0.01 ± 0.0019 




Item 


Millimeters 


Inches 


A 


53.34 max 


2.1 max 


B 


13.2 


.52 


C 


2.54 ± 0.25 


.1 ± .01 


D 


0.5 ± 0.1 


.002 ± .004 


E 


48.56 


1.91 


F 


1.3 


.051 


G 


0.51 min 


.02 min 


H 


7.62 


.3 


J 


5.08 max 


.2 max 


K 


15.24 


.6 


M 


0.25 ± 0.05 


.01 ± .002 




Item 


Millimeters 


Inches 


A 


39 max 


1.54 max 


C 


1.778 


.07 


D 


0.5 


.02 


E 


35.56 


1.4 


F 


1.1 


.043 


G 


2.54 


.1 


H 


.51 min 


.02 min 


J 


5.08 max 


.2 max 


K 


15.24 


.600 


L 


13.2 


.52 


M 


+ 0.10 
0.25 

-0.05 


+ .004 
.01 

- .002 



■40 PIK (Cent.) 
Ceramic 



wwwwwwwwme 



^ck 



-A\^o 



v/^« 



\— 0°-10° 




M.PD8041AD 
^l>D8048HD/35HLD 
HiPD80C35D/C48D 
M-PD8649HD/39HLD 

^PD8085AD 
M,PD765AD/7265D 
M.PD7201AD 
fjiPD7210D 
piPD7220D 
|xPD7261D 
HiPD8237D-5 
^PD8255AD-5 
|jlPD8279D-5 M,Pb8755AD 
^PD8355D |xPD8155D/56D 
^JlPD8355HD |jiPD8257D-5 

Cerdip 

M^PD8086D 

|jlPD8088D 

^PD8085AD 

M.PD8237D-5 

M.PD8085AHD 

|xPD8741AD* 

jjlPD8748D* 

fjLPD8749HD* 

^iPD8755AD* 

*has quartz window 



Plastic 
Shrinkdip 

|xPD7507CU 

^PD7508CU 

^PD75d8ACU 

^LPD7507HCU 

|xPD7508HCU 

^^PD80C48CU 

^PD80C49HCU 



WA-M 




-J W-o-- 
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40 PIN (Cont.) i^— — — i 

Ceramic 
Piggyback 

|jlPD75CG08E 



oooooooooooooo 



oooooooooooooo 



T 



•ilr-M 






\*-C --*\\*-D 



T 



Item 


Millimeters 


Inches 


A 


53.34 max 


2.1 max 


B 


20.32 


.8 


c 


2.54 ;!: a.25 


.1 ± .01 





0.46 ± 0.05 


.018 ± .002 


E 


48.26 


1.9 


F 


1.02 


.04 


G 


3.2 min 


.126 min 


H 


1.02 min 


.04 min 


1 


3.0 max 


.118 max 


J 


4.32 max 


.170 max 


K 


15.24 


.6 


L 


15.24 


.6 


M 


0.25 ± 0.05 


.01 ± .002 


N 


33.02 


1.3 





2.54 ± 0.25 


.1 ± .01 



42 PIN- 



Plastic 

fjLC0M-4C 

fjLPD552C/553C 

M.PD7527C/28C/37C/38C h 









A- 






-^ 




H 




1 
i 


L 


m 

B — 


WOT 


m 


P 


JUNUMNM 


,L 


1 


1 ° 






1 




Item 


Millimeters 


Inches 


A 


56.0 max 


2.2 max 


B 


2.6 max 


0.1 max 


c 


2.54 


0.1 


D 


0.5 ± 0.1 


0.02 ± 0.004 


E 


50,8 


2.0 


F 


1.5 


0.059 


G 


3.2 min 


0.126 min 


H 


0.5 min 


0.02 min 


i 


5.22 max 


0.20 max 


J 


5.72 max 


0.22 max 


K 


15.24 


0.6 


L 


13.2 


0.52 


IM 


0.3 ± 0.1 


0.01 ± 0.004 



Cerdip 

MC-430PD 




3 [ 



... J I ■ 



T^ 1 irmnrimnrYYYYWTWYi 



3± 



Item 


MilJimeters 


Inches 


A 


56.5 max 


2.24 max 


B 


27.94 ± 0.5 


1.1 ± .02 


c 


2.54 


0.1 


D 


+ 0.25 
0.5 

-0.1 


+ .01 
.02 

- .004 


E 


50.8 


2.0 


F 


1.27 


.05 


G 


2.54 min 


0.1 min 


H 


1.5 ± 0.3 


.059 ± .012 


1 


1.0 min 


.039 min 


J 


6.5 max 


.256 max 


K 


15.24 


0.6 


L 


1 


.039 


M 


+ 0.25 
0.35 

-0.1 


+ .01 
.014 

- .004 


N 


1.6 


.063 





2.54 ± 0.3 


0.1 ± .012 


P 


2.0 


.079 


Q 


1.74 ± 0.25 


.685 ± .01 


R 


21.0 max 


.827 max 
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lt«m 


Millimeters 




A 


55.88 max 


2.2 max 


B 


20.32 


.80 


C 


2.5 ± 0.25 


.1 ± .01 


D 


0.46 ± 0.05 


.018 ± .002 


E 


50.80 


2.0 


F 


1.02 


.04 


G 


3.2 min 


.126 min 


H 


1.02 min 


.04 min 


1 


3.0 max 


.118 max 


J 


4.32 max 


.17 max 


K 


15.24 


.6 


L 


15.24 


.6 


M 


0.25 ± 0.05 


.001 ± .01 


N 


33.02 


1.3 





2.54 ± 0.25 


.1 ± .01 



oooooooooooooo 



oooooooooooooo 






lA 



ftd-T 



i 



I 42 PIN (Cont.) 

Ceramic 
Piggyback 

(jiPD75CG28E/CG38E 



T 



item 


Millimeters 


incites 


A 


40.95 max 


1.612 max 


C 


1.778 


.07 


D 


0.5 


.02 


E 


37.34 


1.47 


F 


1.1 


.043 


G 


2.54 


.1 


H 


.51 min 


.02 min 


J 


5.08 max 


.2 max 


K 


15.24 


.600 


L 


13.2 


.52 


M 


+ 0.10 
0.25 

- 0.50 


+ .004 
.01 

- .002 




Plastic 
Shrinkdip 

|xPD7527CU/28CU/ 
37CU/38CU 



-*/-M 



-»l W-0-15° 



item 


Millimeters 


inches 


A 


1.36 + 0.4 


.054 ± .016 


B 


+ .3 
10 
-.2 


+ .012 
.394 

- .008 


C 


0.8 ± 0.2 


.03 ± .008 


D 


+ 0.3 
.35 

-0.1 


+ .01 
.014 

- .004 


E 


8.0 ± 0.3 


.315 ± .012 


F 


1.0 ± 0.2 


.39 ± .008 


G 


+ 0.10 
0.15 

- 0.005 


+ .004 
.006 

- .0002 


H 


0.0 ± 0.1 


0.0 ± .004 


1 


1.5 max 


.059 max 



iimit 



Iko 



i^h 



G H 



• 44 PIN 



B 



Plastic 
Miniflat 

(jiPD80C49G 
^PD80C48G 
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PACKAGE OUTLINES 
52 PIN 



Plastic 
Miniflat 

(XC0M-4G 

fxPD7506G 

JJIPD7507G/08G 

)xPD80C49G/C39G 

fx.PD80C48G/C35G 

|jlPD7225G 



c 






Item 




Inches 


A 


14 


.55 


B 


12.0 ± 0.3 


.472 ± .012 


C 


1.0 ± 0.15 


.039 ± .006 


D 


+ 0.2 
0.4 

- 0.1 


+ .008 
.016 

- .004 


E 


17.0 max 


.669 max 


F 


+ 0.10 
0.15 

-0.05 


+ .004 
.006 

- .002 


G 


2.2 ± 0.2 


.087 ± .008 


H 


0.1 max 


.004 max 


1 


20.6 ± 0.4 


.811 ± .016 


J 


2.8 max 


.110 max 



64 PIN • 

Plastic 
QUIL 



|xPD7500G Evaluation 

Chip 
M-PD7800G 
txPD7801G/02G 
|xPD7810G/11G 
^tPD7519G 
M,PD78C05G 
M^PD7807G/09G 




Item 


Millimeters 


Inches 


A 


41.5 


1.63 


B 


1.05 + 0.2 


.041 ± .008 


C 


2.54 


0.1 


D 


0.5 ± 0.1 


.02 ± .004 


E 


39.4 ± 0.3 


1.55 ± .012 


F 


1.27 ± 0.25 


.05 ± .01 


1 


3.6 


.142 


J 


24.13 


.95 


K 


19.05 


.75 


L 


16.5 


.65 


M 


+ 0.10 
.25 

- 0.05 


+ .004 
.01 

- .002 


N 


23.1 ~ 25.2 


.909 ~ .99 





18.0 ~ 20.1 


.709 ~ .791 



Ceramic 
QUIL 

|jlPD556B 



It Tl 



-TV. 




Item 


Millimeters 


Inches 


A 


41.5 


1.634 max 


B 


1.05 


0.042 


C 


2.54 


0.1 


D 


0.5 ± 0.1 


0.2 ± 0.004 


E 


39.4 


1.55 


F 


1.27 


0.05 


G 


5.4 min 


0.21 min 


1 


2.35 max 


0.13 max 


J 


24.13 


0.95 


K 


19.05 


0.75 


L 


15.9 


0.626 


M 


0.25 ± 0.05 


0.01 ± 0.002 
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Item 


Millimeters 


Inches 




42.0 max 


1.65 max 




26.67 


1.05 




2.54 ± 0.25 


0.1 ± .01 




0.46 ± 0.05 


0.018 ± .002 




38.10 


1.5 




1.02 


.04 




1.27 ± 0.25 


.05 ± .01 




1.02 min 


.04 min 




3.9 max 


.154 max 




4.45 max 


.175 max 




3.2 min 


.126 min 




33.02 


1.3 




2.54 ± 0.25 


0.1 ± .01 




0.25 ± 0.05 


.01 ± .002 





15.24 


.6 


P 


19.05 


.75 


Q 


24.13 


.95 




Item 


Millimeters 


Inches 


A 


58typ 


2.284 typ 


c 


1.778 typ 


0.07 typ 


D 


0.5 typ 


.0197 typ 


E 


55.12 typ 


2.17 typ 


F 


1.1 typ 


0.043 typ 


G 


3.2 


.126 


H 


22.3 typ 


.878 typ 


1 


4.05 typ 


.159 typ 


J 


3.95 typ 


0.156 typ 


K 


19.05 typ 


0.75 typ 


L 


17 typ 


0.669 typ 


M 


2.75 typ 


0.108 typ 



oooooooooooooo 



oooooooooooooo 



PACKAGE OUTLINES 

— — 64 PIN (Cont.) 

QUIL Ceramic 
Piggyback 

JJLPD75CG19E 
M,PD78PG11E 



ffffffRffunmfltifffl 




Jct^^^-^^' 



X 



^W 



'TJ 



— II— D -i^ I— C 



-H^ l\ 



i 



n 



Plastic 
Shrinkdip 

|xPD7519CW 
M,PD7519HCW 



~~T. M,PD7801CW 

^Li_ M.PD7802CW 

J ^tPD7810CW/11CW 

~T~ jjiPD7809CW/07CW 



\^Q -15 



Item 


Millimeters 


Inches 


A 


14 


.551 




B 


12 ± 0.3 


.472 


± .012 


c 


18.0 ± 0.3 


.709 


± .012 


D 


20 


.787 




E 


1.0 ± 0.15 


.039 


±.006 


F 


+ 0.2 
0.4 

-0.1 


.016 


+ .008 
-.004 


G 


24.7 ± 0.4 


.972 


± .016 


H 


+ 0.10 
0.15 

-0.05 


.006 


+ .004 
-.002 


1 


1.2 ± 0.2 


.047 ± .008 


J 


2.35 ± 0.2 


.0925 ± .008 


K 


18.7 ± 0.4 


.736 


± .016 


L 


2.3 max 


.091 


max 



TT — I 
TT— I 



Tl — I 

TT— I B A 






nnnnnnnnnnnnnnnnnnn 



:>i 



P 



Plastic 
Miniflat 

jiPD7501G 
^itPD7502G/03G 
|xPD7227G 
M-PD78C06G 
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RACKAGE OUTLINES 
80 PIN -^-i^-^-i^^ 



Plastic 
Miniflat 

|xPD7514G 
M.PD7228G 




1 






A 


+ .3 
14 
-.2 


+ .012 
.55 

-.008 


B 


12.0 ± 0.3 


.472 d: .012 


C 


18.4 ± 0.3 


.724 ± .012 


D 


+ .3 
20 
-.2 


+ .012 
.787 

-.008 


E 


0.8 ± 0.15 


.0315 ± .006 


F 


+ 0.2 
0.35 

-0.1 


+ .008 
.0925 

-.004 


G 


24.7 ± 0.4 


.972 ± .016 


H 


+ 0.10 
0.15 

-0.05 


+ .004 
.006 

-.002 


1 


18.7 ± 0.4 


.736 ± .016 


J 


2.35 ± 0.2 


.0925 ± .008 


K 


1.2 ± 0.2 


.048 ± .008 


L 


+ 0.25 
2.05 

-0.10 


+ .01 
.081 

-.004 
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Introduction 

As large-scale integration reaches a higher level of density, 
reliability of devices imposes a profound impact on System 
reliability And as device reliability becomes a major factor, 
test methods to assure acceptable reliability become more 
complicated. Simply performing a reliability test according to 
a conventional method cannot satisfy the demanding require- 
ments for higher reliability: at these new, higher levels of LSI 
density it Is increasingly difficult to activate all the elements in 
the internal circuits. A different philosophy and methodology 
is needed for reliability assurance in microprocessors and 
family products. Moreover, as integration density increases, 
the degradation of internal elements in an LSI device is sel- 
dom detected by measuring characteristics across external 
terminals. 

In order to improve and guarantee a certain level of reliability 
for large-scale integrated circuits, it is essential to build qual- 
ity and reliability into the product. Then the conventional 
reliability tests are followed to ensure that the product dem- 
onstrates an acceptable level of reliability 
NEC has introduced the concept of Total Quality Control 
(TQC) across its entire semiconductor production line. By 
adopting TQC, NEC can build quality into the product and 
thus assure higher reliability The concept and methodology 
of Total Quality Control are companywide activities — involv- 
ing workers, engineers, quality control staffs, and all levels of 
management. 

NEC has also introduced a prescreening method into the 
production line that helps eliminate most of the potentially 
defective units. The combination of building quality In and 
screening projected early failures out has resulted in superior 
quality and excellent reliability 

This Reliability Report describes the philosophy and method- 
ology used by NEC to attain a higher level of reliability for 
microprocessors and family products. 

Technology Description 

Most microprocessors and family products are produced uti- 
lizing high performance, high density N-channel MOS tech- 
nology State-of-the-art high performance has been achieved 
by introducing fine line generation techniques. The data pre- 
sented in this report shows that this advanced technology 
yields products as reliable as those from previous 
technologies. 

By reducing physical parameters, circuit density and perfor- 
mance were increased while active circuit power dissipation 
decreased. Current state-of-the-ai-t N-channel MOS technol- 
ogy utilizes 2-4|xm channel length and a gate oxide thick- 
ness of 300-500A. This advanced process yields integration 
densities of 400-800 gates/mm^ with a speed-power product 
of 1 pJ or less. 
Technology evolution 

Technology evolved from early P-channel MOS to current 
state-of-the-art high performance, high density N-channel 
MOS during the past decade. This evolution is expected to 
continue in the future. As a result, even more high level func- 
tions will be included in a small area, as past history 
demonstrates. 



Reliability Testing 

Reliability is defined as the characteristics of an item 
expressed by the probability that It will perform a required 
function under stated conditions for a stated period of time. 
This Involves the concept of probability, definition of a 
required function(s), and the critical time used in defining 
the reliability 

Definition of a required function, by implication, treats the def- 
inition of a failure. Failure is defined as the termination of the 
ability of a device to perform its required function(s). Futher- 
more, a device is said to have failed if it shows inability to per- 
form within guaranteed parameters as given in an electrical 
specification. 

Discussion of reliability and failure can be approached in two 
ways: with respect to systems or to individual devices. The 
accumulation of normal device failure rates constitutes the 
expected failure rate of the system hardware. Important con- 
siderations here are the constant failure period, the early fail- 
ure (Infant mortality) period, and overall reliability level. With 
regard to individual devices, areas of prime interest include 
specific failure mechanisms, failures in accelerated tests, and 
screening tests. 

Some of these failure considerations pertain to both systems 
and devices. The probability of no failures in a system is the 
product of the probability of no failure in each of its compo- 
nents. The failure rate of system hardware is then the sum of 
the failure rates of the components used to construct the 
system. 

Life distribution 

The fundamental principles of Reliability Engineering predict 
that the failure rate of a group of devices will follow the well- 
known Bathtub curve In Figure 1. The curve is divided into 
three regions: Infant Mortality Random Failures, and Wear- 
out Failures. 



\ Infant 






\ Mortality 




Wearout , 


\ Period 




Period / 


_l 


Random Failure Period 


—i'r-^ 



Figure 1. Rel'iabHity Ufe (Bathtub) Curve 



Infant mortality as the name implies, represents the early life 
failures of devices. These failures are usually associated with 
one or more manufacturing defects. 
After some period of time, the failure rate reaches a low 
value. This is the random failure portion of the curve, repre- 
senting the useful portion of the life of a device. During this 
random failure period there is a decline in the failure rate due 
to the depletion of potential random failures from the general 
population. 

The wearout failures occur at the end of the device's useful 
life. They are characterized by a rapidly rising failure rate 
over time as devices wear out both physically and electrically 
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Thus, for devices which have very long life expectancies 
compared to those of systems, the areas of concern will be 
the infant mortality and the random failure portions of the 
population. 

The system failure rates are related to the collective device 
failure rates. In a given system, after elimination of the early 
failures, the system will be left to the failure rate of its compo- 
nents. In order to make proper projections of the failure rate in 
the operating environment, time-to-failure must be acceler- 
ated in tests in a predictable way 

Failure distribution at NEC 

MOS and Bipolar integrated circuits returned to NEC from the 
field underwent extensive failure analysis at NEC's Integrated 
Circuit Division. 

First, approximately 50 percent of the field returns were 
found to be damaged either from Improper handling or mis- 
use of the devices. These units were eliminated from the 
analysis. The reriiaining failed units were classified by their 
failure mechanisms, as depicted in Figure 2. These failures 
were then related to the major integrated circuit failure mech- 
anisms and to their origins in a particular manufacturing step. 
As shown in Figure 2, the first four failure mechanisms 
accounted for more than 90 percent of total failures. As a 
result, NEC improved processes and material to reduce 
these failures. Additionally NEC introduced screening proce- 
dures to detect and eliminate defective devices. 
Temperature, humidity and bias tests are used for testing the 
moisture resistance of plastic encapsulated integrated cir- 
cuits. NEC developed a special process to improve the plas- 
tic encapsulation material. As a result, moisture-related— 
thus packaging-related — ^failures have been drastically 
reduced. 

As a preventive measure, NEC has introduced a special 
screening procedure embedded in the production line. A 
burn-in at an elevated temperature is performed for 100 per- 
cent of the lots. This burn-in effectively removes the poten- 
tially defective units. In addition, improvement of the plastic 
encapsulation material has lowered the failures in a high tem- 
perature and high humidity environment. 
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Accelerated reliability testing 

As an example, assume that an electronic system contains 
1000 integraited circuits and dan tolerate 1 percent system 
failures per month. The failure rate per component is: 

0.01 Failures ^ 13.888 x 10"^ Failures/Hour 
720K Device Hours or 13.8888 FITs 

Where: FIT = Failure unit per 10^ device hours 

To demonstrate this failure rate, note that 13.8888 FITs corre- 
spond to one failure in about 7,000 devices in an operating 
test of 10,000 hours. It is quickly apparent that a test condition 
is required to accelerate the time-to-failure in a predictable 
and understandable way The implicit requirement for the 
accelerated stress test is that the relationship between the 
accelerated stress testing condition and the condition of 
actual use be known. 

A most common time-to-failure relationship involves the 
effect of temperature, which accelerates many physiochemi- 
cal reactions leading to device failure. Other environmental 
conditions are voltage, current, humidity vibration, or some 
combination of these. Table 2 lists the Reliability Assurance 
Tests performed at NEC for the N-channel MOS devices. 



Table 1. Monthly NEC Reliability Tests 




Test 




Test Conditions 


Life Test 

High Temperature, Operating 


MfL-SrD-883B 

1005A,D 


Ta = 100X to 125°C for 1000 hrs 


High Temperature, Storage 


1008C 


Ta = 150°C for 1000 hrs 


High Temperature, 
High Humidity Test 


__ 


Ta = 85°C @85% RH for 1000 hrs 




— 


Ta = 125°C @2.3 Atm for 168 hrs 


Soldering Heat Test 


2031* 


T = 260°C for 10s without flux 


Temperature Cycle 


1010C 


T = -65°C to + 150°C for 10 cycles 


Thermal Shock 


1011A 


T = 0°C to lOOX for 15 cycles 


Lead Fatigue 


2004B2 


@250gm: 3 leads, 3 bends 


Solderability 


2003 


T = 230°C for 5s with flux 



Note: * MIL-STD-750A 

Temperature Effect: The effect of temperature that con- 
cerns us is that which responds to the Arrhenius relationship. 
This relates the reaction rate to temperature. 

R = Ro Exp[- Ea/kT] 

Where: Ro = Constant 

Ea = Activation energy in eV 
k = Boltzmann's constant 

= 8.617*10**(-5) eV/degrees K 
T = Absolute temperature in degrees K 

The significance of this relationship is that the failure mecha- 
nisms of semiconductor devices are directly applicable to it. A 
linear relationship between failure mechanism and time is 
assumed. 

Activation Energy: Associated with each failure mecha- 
nism is an activation energy value. Table 3 lists some of the 
more common failure mechanisms and the associated acti- 
vation energy of each. 



Figure 2. Failure Distribution of MOS Integrated Circuits 
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Table 2. Activation Energy and Detection of Failure Mechanisms 

Activation 
Failure Meciianism Energy Detection 



High Temperature Operating 
Life Test 



Oxide Defect 


0.3eV 


Silicon Defect 


0.3eV 


Ionic Contamination 


1.0-1.35eV 




0.4-0.8eV 


Charge Injection 


1.3eV 



Goid-Aluminum Interface 



Metal Corrosion 



High Humidity Operating 
Life Test 



High Temperature Operating Life Test: This test is used to 
accelerate failure mechanisms by operating the devices at an 
elevated temperature. For N-channel MOS microprocessors 
and their family products, the operating temperature is 125°C. 
The data obtained is translated to a lower temperature by 
using the Arrhenius relationship. 
High Temperature and High Humidity Test: Semi- 
conductor integrated circuits are highly sensitive to the gen- 
eral accelerating effect of humidity in causing electrolytic cor- 
rosion between biased lines. The high temperature and high 
humidity test is performed to detect failure mechanisms 
which are accelerated by these conditions. This test is effec- 
tive in accelerating leakage-related failures and drifts in 
device parameters due to process instability 
High Temperature Storage Test: Another common test is 
the high temperature storage test in which devices are sub- 
jected to elevated temperatures with no applied bias. This 
test is used to detect mechanical problems and process 
instability 

Environmental Test: Other environmental tests are per- 
formed to detect problems related to the package, material, 
susceptibility to extremes In environment, and problems 
related to usage of the devices. 

Failure Rate Calculation and Prediction 

Analysis of integrated circuit failure rates can serve many 
useful purposes. For example, the early life failure rate helps 
establish a warranty period, while the mature life failure rate 
aids in estimating repair costs, spare parts stock require- 
ments, or product downtime. Accurate prediction of failure 
rates can also be used for process control. 
The following sections describe the failure rate calculation 
and prediction methods used by NEC's Integrated Circuit 
Division. 

The Arrhenius modei 

Most integrated circuit failure mechanisms depend, to some 
degree, on temperature. This relationship can be repre- 
sented by the Arrhenius model, which includes the effects of 
temperature and activation energy of the failure mechanisms. 
As applied to accelerated life testing of integrated circuits, the 
Arrhenius model assumes that degradation of a performance 
parameter is linear with time. Temperature dependence is 
taken to be the exponential function that defines the probabil- 
ity of occurrence. The relationship of failure rate to tempera- 
ture is expressed as: 

Fi = F2*Exp[(Ea/k)*(1/Ti - I/T2)] 



Where: F2 = Failure rate at T2 
Fi = Failure rate at Ti 
Ea = Activation energy 
k = Boltzmann's constant 
T = Operating junction temperature In degrees K 

This equation explains the thermal dependence of integrated 
circuit failure rates and is used for derating the resulting fail- 
ure rate to a more realistic temperature. 

Acceieration factor 

The acceleration factor is the factor by which the failure rate 
can be accelerated by increased temperature. This factor 
is derived from the Arrhenius failure rate expression, result- 
ing in the following form: 

A = F1/F2 = Exp[(Ea/k) * (I/T1 - I/T2)] 

Where: A = Acceleration factor 
F2 = Failure rate at T2 
Fi = Failure rate at Ti 

In calculating the field reliability of an integrated circuit, it is 
necessary to calculate the junction temperature. In general, 
the junction temperature will depend on the ambient tem- 
perature, cooling, package type, operating cycle time, and 
power dissipation of the circuit Itself. In these terms, the junc- 
tion temperature (Tj) is expressed as: 

Tj = Ta+ Pd*Af* ejA 

Where: Tj = Junction temperature 
Ta = Ambient temperature 
Pd = Power dissipation 
Af = Air flow factor 
ejA = Package thermal resistance 

Table 4 lists derating factors of various failure mechanisms. 
This table is generated assuming that an accelerated test is 
performed at a junction temperature of 125°C. The result is 
then derated to 55°C junction temperature. The acceleration 
factor may then be obtained by taking the inverse of the 
derating factor. 



Table 3. Derating Factors of Failure Mechanisms 


Failure Mecnanistn 


Activation Energy 


Derating Factor 


Oxide Defect 


0.3eV 


0.1546 


Silicon Defect 


0.3eV 


0.1546 




1.0eV 


0.001984 




0.4eV 


0.08307 


Charge Injection 


1.3eV 


0.0003067 


Metal Corrosion 


0.7eV 


0.01315 


Gold-Aluminum Interface 


0.8eV 


0.006886 




The acceleration of failure mechanisms in a high humidity 
and high temperature environment must be expressed as a 
function not only of temperature but also of humidity 
According to the reliability test statistics, the acceleration fac- 
tor in such an environment can best be approximated with 
Peck's model as follows: 

A = Exp[(Ea/k)*(1/Ti - 1/T2)]*[H2/Hi]**4.5 

Where: Ea = Activation energy 

k = Boltzmann's constant 
T = Junction temperature 
H = Relative humidity 
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For example, the acceleration factor for high humidity and 
high temperature or pressure cooker tests ranges from 100 to 
1000 times that of the normal operating environment. 

Failure rate calculation 

As an example, suppose that NEC's microprocessors and 
family product samples are submitted to a 1000-hour life 
test at 125°C junction temperattire and encounter two fail- 
ures: one oxide and one metalization defect. The sample 
size is 885 units. 

Thus, the oxide failure rate is 0.11 percent per 1000 hours and 
the metalization failure rate is 0.11 percent per 1000 hours. 
Therefore, the total failure rate at 125°C sums to 0.22 percent 
per 1000 hours at 1 K hours. 

Failure rate prediction 

To derate these failure rates to a normal operating environ- 
ment, use the derating factors listed in Table 4. 

Oxide Failures = 0.11 * 0.1546 = 0.01701% per 1 K hrs 
Metal Failures = 0.11 * 0.01315 = 0.00145% per 1 K hrs 
Total Failures = 0.01846% per 1 K hours 

Note that the example above is a snapshot of the high tem- 
perature life test performed on a particular lot. It is not accu- 
mulated data that can be used to represent overall reliability 
This conservative illustration, however, shows that the failure 
rate in a normal operating environment is approximately 12 
times lower than that of a higher temperature environment. 
The failure rate prediction takes different activation energies 
into account whenever the causes of failures are known 
through performing failure analysis. In some cases, however, 
an average activation energy is assumed in order to accom- 
plish a quick first-order approximation: NEC assumes an 
average activation energy of 0.7eV whenever the exact fail- 
ure mechanism is not known, to yield a conservative estimate 
of failure rates. 

Reliability Test Results 

Before introducing new technologies or products, NEC's 
internal reliability goals must be attained. Several categories 
of testing are used in the internal qualification program to 
assure that product reliability meets NEC's reliability goals. 
Once the product is qualified, its reliability level is regularly 
monitored in a monthly reliability test. 

NEC's Goals on Failure Rates 

NEC's approach to achievirig high reliability is to build quality 
into the product, as opposed to merely screening out defec- 
tive units. The use of distributed control methods embedded 
in the production line, in conjunction with conventional 
screening methods, results in the highest reliability at the 
lowest cost. 

NEC currently maintains failure rates for infant mortality and 
long-term device operation as listed in Table 4. 

Table 4. Infant Mortality and Long-term Failure Rates 

Percent Failure 
Rate Goals 

infant Mortality Failure Rate 0.1 0/1 K hrs 

Long-term Life Failure Rate 
1.2M Device Hour Average 0.02/1 K lirs 
3.0IVI Device Hpur Averag e 0.01 /I K hrs 



Infant mortality process average goals 

The Infant mortality goal for each product group is set at 
0.10 percent. When a failure rate exceeds this level, there is 
prompt remedial action to reduce this rate. 

Long-term failure rate goals 

The long-term failure rate goal Is based on the following 

conditions: 

D A minimum of 1.2 million device hours at 125°C is accumu- 
latecl to resolve 0.02 percent per 1000 hours at 55°C with 
a 60 percent confidence level. 

D A ruinimum of 3 million device hours at 125°C is accumu- 
lated to resolve 0.01 percent per 1000 hours at 55°C with 
a 60 percent confidence level. 

Infant Mortality Failure Screening 

It is logical to assume that the integrated circuit that fails 
at one temperature would also fail at another temperature, 
except that It would fail sooner at a higher temperature. As 
can be expected, the failure rate is a function of its associ- 
ated activation energy Establishing infant mortality screen- 
ing, therefore, requires knowledge of the likely failure 
mechanisms and their associated activation energy 
The most likely mechanisms associated with infant mortality 
failures are generally manufacturing defects and process 
anomalies. These^enerally consist of contamination, 
cracked chips, wire bond shorts, or bad wire bonds. Since 
these describe a number of possible mechanisms, any one 
of which might predominate at a given time, the activation 
energy for infant mortality might be expected to vary 
considerably 

The effectiveness of a screening condition, preferably at 
some stress level in order to shorten the time, varies greatly 
with the failure mechanism being screened for. Another factor 
is the economics of the screening process introduced into the 
production line. Optimal conditions and duration of a screen- 
ing process will be a compromise of these two factors. 
For example, failures due to ionic contamination have an acti- 
vation energy of approximately I.OeV. Therefore, a t5-hour 
stress at 125°C junction temperature would be the equivalent 
of approximately 90 days of operation at a junction tempera- 
ture of 55°C. On the other hand, failures due to oxide defects 
have an activation enerigy of approximately 0.3eV, and a 
15-hqur stress at 125°C junction temperature would be the 
equivalent of approximately one week's operation at 55°C 
junction temperature. As indicated by this, the conditipn and 
duration of infant mortality screening would be a strong func- 
tion of the allowable component failures, hence the system 
failure, in the field. 

Empirical data, gathered over more than a year at NEC, indi- 
cates that early failure does occur after less than 4 hours of 
stress at 125°C amJDient temperature. This fact is supported 
by the life test of the same lot, where the failure rate shows 
random distribution, as opposed to a decreasing failure rate 
which then runs Into the random failure region. 
NEC has adopted the initial infant mortality burn-in at 125°C 
as a standard production screening procedure. As a result, 
the field reliability of NEC devices is an order of magni- 
tude higher than the goals set for NEC's integrated circuit 
products. 
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Life Tests 

The most significant difference between NEC's products 
and those of other integrated circuit manufacturers is the fact 
that NEC's have been prescreened for their infant mortality 
defects. The products delivered to customers are operating at 
the beginning of the random failure region of the life cun/e. 
The life test data also reflect this fact, as will be shown in the 
following sections. 

The failure mechanism distribution from field failures, as pre- 
viously shown in Figure 2, also contains a very low percent- 
age due to infant mortality. The majority of failures are long- 
term life failures, and these can be eliminated by stringent 
process control. Usually, these failure mechanisms have low 
activation energy associated with them. 
Another significant Improvement devised by NEC Is plastic 
encapsulation and passivation. As a result, NEC products 
show excellent reliability in both high humidity and high tem- 
perature environments. Following is life test data accumu- 
lated over more than a year for N-channel microprocessors 
and family products. 

High temperature operating life test 

This test is used to accelerate failure mechanisms by operat- 
ing the devices at an elevated temperature. For microproces- 
sors and family products, the failure rate is 0.242 percent per 
1000 hours at 125°C. This is equivalent to 0.0071 percent per 
1000 hours in an operating environment of 55°C (Table 5). 
Table 5. High Temperature Operating Life Test 

Number of Number of Failures at 

48 hrs 96 hrs 168 hrs 500 hrs IKhrs 



Total Number of Failures at 1 K hrs =8 

Failure Rate at 1 K hrs at 125X = 0.242% per 1 K hrs 

Projected Failure Rate at 55°C = 0. 007% per 1 K hrs 

High temperature and high humidity life test 

This test is used to accelerate failure mechanisms by 
operating the devices at high temperature and high humidity 
Leakage-related failures and device parameter drift are accel- 
erated by this test. For microprocessors and family products, 
the failure rate is 0.091 percent per 1000 hours. This is equiv- 
alent to 0.0027 percent per 1000 hours in an operating envi- 
ronment of 55°C. The test conditions are Ta = 85°C and 
relative humidity (RH) = 80% (Table 6). 
Table 6. Higti Temperature and High Humidity Life Test 



Numhr>r nf Number of Failures at 


Samples 48 hrs 96 hrs 168 hrs 500 hrs 


IKhrs 


2190 


2 


Total Number of Failures at 1 K hrs =^2 

Failure Rate at 1 K hrs at 85°C/85% RH = 0.091 % per 1 K hrs 

Projected Failure Rate at 55°C/60% RH = 0.003% per 1 K hrs 



High temperature storage life test 

This test is effective in accelerating the failure mechanisms 
related to mechanical reliability problems and process insta- 
bility For microprocessors and family products, the failure 
rate is 0.207 percent per 1000 hours at 125°C. This is equiva- 
lent to 0.0061 percent per 1000 hours in an operating envi- 
ronment of 55°C (Table 7). 



Table 7. High Temperature Storage Life Test 




Number itl Number of Failures at 


Samples 48 hrs 96 hrs 168 hrs 500 hrs 


IKhrs 


2410 1 


4 


Total Number of Failures at 1 K hrs =5 

Failure Rate at 1 K hrs at 125°C = 0.207% per 1 K hrs 

Projected Failure Rate at 55°C = 0.006% per 1 K hrs 



Pressure cool(er test 

This test is effective in accelerating failure mechanisms 
related to metalization corrosion due to moisture. The failure 
rate is 0.52 percent per 1000 hours at Ta = 125°C and 2.3 
Atm at 100 percent humidity This is equivalent to 0.0013 per- 
cent per 1000 hours at 55°C and an environment of 60 per- 
cent humidity (Table 8). 

Table 8. Pressure Cooker Test 

Number of Failures at 



1718 4 5 No Test Performed 
Total Number of Failures at 168 hrs = 9 
Failure Rate at 125°C = 0.54% per 1 K hrs 
Projected Failure Rate at 55°C = 0.001 % per 1 K hrs 

Life test data summary 

Table 9 summarizes the life test results and projected failure 
rates in the normal operating environment. The failure rate 
shows random distribution as opposed to a decreasing failure 
rate. This is a result of infant mortality screening. 
Table 9. Life Test Data 





Samples 


Number of Failures at 


Total 


Test item 


96 hrs 


168 hrs 


500 hrs 


IKhrs 


Number of 
Failures 


High Temperature 
Life Test 


3317 





1 


4 


3 


8 


High Humidity 
Life Test 


2190 











2 


2 


High Temperature 
Storage Life Test 


2410 








1 


4 


5 


Pressure 
CooiterTest 


1718 


4 


5 


. 


. 


9 


Total 


9635 


4 


6 


5 


9 


24 



Note: * = No test performed 

The projected failure rate in the normal operating environ- 
ment is calculated assuming that the average activation 
energy is 0.7eV. 

Figure 3 shows the life distribution of NEC Integrated circuits 
as a form of the Bathtub curve. 



Infant Mortality Failure Rate Goal 
0.10 percent per 1000 hrs 



Long-term Life Failure Rate Goal 
0.02 percent per 1000 hrs 





0.5K IK 2K 3K 4K 5K 10K 20K 30K 

Figure 3. Plot of Life Test Results 
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This life test data shows improvements of approximately 
an order of magnitude better than NEC's goal. The hours of 
operation jare equivalent to the normal operating environ- 
ment. Wear-out failures, which had been the main target for 
reliability improvement, have also been significantly reduced. 
This result comes mainly from process improvements and 
stringent manufacturing process control. 
NEC's main goal has been to improve reliability with respect 
to infant mortality and long-term life failures. This can be 
achieved by introducing an effective screening method for 
infant mortality and building quality into the product. 

Thermal stress tests 

Temperature cycling and thermal shock test the thermal com- 
patibility of material and metal used to make integrated cir- 
cuits. Table 10 lists the reliability test results of thermal stress 
tests. 



Table 10. Thermal Stress Results 






Test Item 


Number of 
Samples 


Number of 
Failures 


Soldering Heat Test 
Ta = 260X for 10 seconds 


1891 





Temperature Cycle 
Ta = -65°Cto +150°C, 10 cycles 


1891 





Thermal Shock Test 
Ta = 0°C to + 100°C, 15 cycles 


1891 






Mechanical stress tests 

In addition to the device life test, NEC performs mechanical 
stress tests to detect reliability problems related to the pack- 
age, material, and device susceptibility to an extreme envi- 
ronment. Table 11 lists mechanical stress test results. 
Table 11. Mechanical Stress Results 



Test Item 


Number of 
Samples 


Failures 


Mechanical Shock Test 
@15kg,3axis 


315 





Vibration Test 
@100Hzto2kHz,20g 


315 





Constant Acceleration 
@20kg,3axis 


315 





Lead Fatigue Test 
@250gms 


638 





SolderabilityTest 
@230°C for 5 seconds 


638 






Built-in Quaiity and Reliability 

As large-scale Integration reaches even higher levels of den- 
sity, simple quality inspections cannot assure adequate levels 
of product quality and reliability In order to ensure the reliabil- 
ity of state-of-the-art, very large-scale integrated circuits, 
NEC has adopted another approach. Highest reliability and 
superior quality of a device can only be achieved by building 
these characteristics into the product at each process step. 
NEC, therefore, has introduced the notion of Total Quality 
Control (TQC) into its entire semiconductor production line. 
Quality control is distributed into each process step and then 
all are summed to form a consolidated system. 

Approaches to Total Quality Control 

First, the quality control function is embedded into each 
process. This method enables early detection of possible 
causes of failure and immediate feedback. 



Second, the reliability and quality assurance policy is an 
integral part of the entire organization. This enables a 
companywide quality control activity At NEC, everyone in the 
company is involved with the concept and methodology of 
Total Quality Control. 

Third, there is an on-going research and development effort 
to set even higher standards of device quality and reliability 
Fourth, extensive failure analysis is performed periodically 
and corrective actions are taken as preventive measures. 
Process control Is based on statistical data gathered from this 
analysis. 

The goal is to maintain the superior product quality and reli- 
ability that has become synonymous with the NEC name. 
The new standard is continuously upgraded and the iterative 
process continues. 

Implementation of distributed quality control 
Building quality into a product requires early detection of pos- 
sible cause of failure at each process step. Then, immediate 
feedback to remove the cause of failure is a must. A fixed 
station quality inspection is often lacking in immediate feed- 
back. It is, therefore, necessary to distribute quality control 
functions to each process step, including the conceptual 
stage. NEC has implemented a distributed quality control 
function at each step of the process. Following is a break- 
down of the significant steps: 
D Product development phase 
D Wafer processing 
D Chip mounting and packaging 
D Electrical testing and thermal aging 
D Incoming material inspection 

Product Development Phase: The product develop- 
ment phase includes conception of a product, review of the 
device proposal, organization and physical element design, 
engineering evaluation, and finally, transfer of the product to 
manufacturing. Quality and reliability are considered at every 
step. More significantly, at the design review stage and prior 
to product transfer, the quality and reliability requirements 
have to be examined and determined to be satisfactory. This 
often adds two to three months to the product development 
cycle. Building in high reliability, however, cannot be 
sacrificed. 

Wafer Processing Stage Inspection: The in-process qual- 
ity inspections that occur at the wafer fabrication stage are 
listed in Table 12. 



Table 12. Wafer Fabrication Inspection 


Process 


Inspection item 


Wafer 


Resistivity, Dimension, and Appearance, 
Lot Sampling inspection 


Masit 




Alignment and Etching, 100 Percent Inspection 


Cleaning 


Diffusion and Oxidation 


Oxide Thickness, Sheet Resistivity, Lot Sampling 
Inspection 


Metalization and Passivation 


Thickness, Vth, C-V Characteristics, and Lot Sampling 


Wafer Sort and Scribe 




Die Sort 


100 Percent Visual Inspection 
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Chip Mounting and Packaging: The in-process quality 
inspections that are done at the chip mounting and packaging 
stage are listed in Table 13. 

Table 13. Chip Mounting and Packaging Inspection 



Process 


Inspection Item 


Die 


Incoming Materiai Inspection 


Die Attach 


Appearance, Lot Sampling Inspection 


Wire Bonding 


Bond Strength, Appearance, Lot Samphng 


Pacloging 


100 Percent Appearance Inspection 


FineLealt* 


Lot Sampling 


Gross Leak* 


100 Percent Inspection 



Note: * For ceramic package devices only 



Electrical Testing and Screening: Electrical testing and 
infant mortality screening are performed at this stage. A flow- 
chart of the process is depicted in Figure 4. 



1st Electrical Test 



DC Parameters 



100 Percent Lot Burn-In 
Ta = 125 C 



2nd Electrical Test 




DC Parameters, 
AC Functional 



Warehouse 
Finished Goods St( 



Electrical, 
Appearance, and 
Dimensions 



Reliability Assurance 
Test (RAT) Sampling 



Figure 4. Electrical Testing and Screening 

At the first electrical test, DC parameters are tested, accord- 
ing to the electrical specifications, on 100 percent of each lot. 
This is a prescreening prior to the infant mortality test. At the 
second electrical test, AC functional as well as DC parameter 
tests are performed on 100 percent of the subjected lot. If the 
percentage of defective units exceeds the limit, the lot is sub- 
jected to an additional burn-in. As this defective lot is being 
subjected to an additional burn-in, the defective units are 
undergoing a failure analysis, the results of which are then 
fed back into the process for corrective action. 
Incoming Material Inspection: Prior to warehouse storage, 
lots are subjected to an incoming inspection according to the 
following sampling plan: 

D Electrical test: DC parameters LTPD 3% 

Functional test LTPD 3% 

D Appearance LTPD 3% 



Reliability assurance test 

Samples are continually taken from the warehouse and sub- 
jected to monthly reliability tests as discussed in the previous 
section. They are taken from similar process groups so that it 
can be assumed that any device is representative of the reli- 
ability of that group. 

In-process screening 

Perhaps the most significant preventive measure that NEC 
has implemented is the introduction of 100 percent burn-in as 
an integral part of the standard production process. Most of 
the potential infant failures are effectively screened from 
every lot, thereby improving reliability Assuming average 
activation energy of 0.7eV, burn-in at Ta = 125°C for four 
hours is equivalent to a week's operation in a normal operat- 
ing environment. This appears to be ample time for acceler- 
ating the time-to-failure mechanisms for early failures. 
Process automation, as previously mentioned, has also con- 
tributed a great deal in improving reliability Since its intro- 
duction, assembly related failure mechanisms have been 
substantially reduced. And, in combination with in-process 
screening and materials improvement, it has helped establish 
quality and reliability above NEC's initial goals. 

Summary and Conclusion 

As has been discussed, building quality and reliability into 
products is the most efficient way to ensure product reliability. 
NEC's approach of distributing quality control functions to 
process steps, then forming a consolidated quality control 
system, has produced superior quality and excellent 
reliability 

Prescreening, introduced as an integral part of large-scale 
integrated circuit production, has been a major factor in 
improving reliability. The most recent year's production clearly 
demonstrates continuation of NEC's high reliability and the 
effectiveness of this method. 

Reliability Assurance Tests (RATs), performed monthly, have 
ensured high outgoing quality levels. The combination of 
building quality into products, effective prescreening of poten- 
tial failures, and the reliability assurance test has established 
a singularly high standard of quality and reliability for NEC's 
large-scale integrated circuits. 

With a companywide quality control program, NEC Is com- 
mitted to building superior quality and highest reliability into 
all its products. Through continuous research and develop- 
ment activities, extensive failure analysis, and process 
Improvements, a higher standard of quality and reliability 
will continuously be set and maintained. 
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